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Alphanumeric Cross Reference 


Considerable judgment is necessary in creating 
a cross-reference for RF devices. The only real proof 
of a replacement is through direct substitution in a 
particuiar circuit or system. Guidelines used to 
compare low power parts were dc voltage ratings, 
cutoff frequency, current rating, Junction capaci- 
tance and noise figure. For high power parts the 
parameters used were dc voltage ratings, output 
power, gain, frequency of operation and output 


equivalent to the package of the Original device. 
Similar replacement are generally but not always © 
in packages that are identical or can be readily sub-_ 
stituted; for example a .280" stud package in place 
of a .380" stud package or a 100 mil ceramic package 
in place of a 80 mil ceramic package. 

A similar replacement may also be somewhat dif-. 
ferent in electrical specifications such as lower gain 
or higher noise figure. However, it is Motorola's 


closest device to the original.and is considered suf- 
ficiently similar to warrant further investigation by 
the device user. es 


Motorola | 
Industry Direct 
| ___PartNumber | Replacement | __ 


capacitance. 
A airéct replacement will always be in a package 


that is the same as or for all practical purposes 


Motorola | Motorola a 
Industry Direct Similar : 
| Part Number Replacement. Replacement Page # 


Motorola 
Similar 
Replacement 


2N1491 MRF586 3-649 2N4440 2N4440 

2N2631 2N3553 2N4932 2N3927 

2N2857 2N4933 2N5071 

2N2876 2N3375 2N4957 2N4957 

2N2947 MRF485 2N4958 2N4958 

2N3118 MRF531 2N4959 2N4959 

2N3119 MRF531 2N5016 2N5016 | — 
2N3296 2N5641 3-64 2N5031 2N5031 | 3-36 
2N3309A 2N3553 3-8 2N5032 2N5032 3-36 
2N3375 2N3375 — 2N5053 2N6305 3-120 
ONA7E | 2N5179 3-54 2N5054 ON6204 | 3-120 
2N3553 2N3553 | 38 2N5070 2N5070 | — 
2N3600 2N5179 3-54 2N5071 2N5071 — 
2N3632 2N3632 — 2N5090 2N5090 — 
2N3733 2N3632 — 2N5102 2N5071 —_ 
2N3818 2N3632 — 2N5108 2N5108 3 3-40 
2N3839 2N3839 — 2N5109 2N5109 | 344 
2N3866 2N3866 3-10 2N5160 2N5160 | 3-50 
2N3866A 2N3866A | 3-10 2N5179 2N5179 | 3.54 
2N3880 2N5032 3-36 2N5180 2N5179 3-54 
2N3924 ~ 2N3924 | | 3-14 2N5262 MRF531 3-588 
2N3925 2N5589 — 2N5421 2N4427 | 3-23 
2N3926 2N3926 : —— 2N5422 MRF607 | | 3-663 
2N3927 2N3927 — 2N5423 2N3926 — 
2N3948 2N3948 3-17 2N5424 2N3927 ~ 
2N3950 2N3950 — 2N5583 2N5583 | 3-60 
2N3959 2N3959 3-19 2N5589 2N5589 | — 
2N3960 2N3960 | 3-19 2N5590 2N5590 — 
2N3961 | 2N5641 3-64 2N5591 2N5591 — 
2N4012 2N4012 — 2N5635 MRF5174 3-915 
2N4040 2N5636 — 2N5636 MRF331 3-422 
2N4041 2N5635 — 2N5637 MRF323 3-402 
2N4072 2N4072 | — |. | 2N5641 2N5641 | 3-64 
2N4073 2N4073 — 2N5642 2N5642 | 3-67 
2N4127 2N5642 | 3-67 2N5643 2N5643 3-70 
2N4128 2N5642 367 2N5644 2N5644 — 
-2N4130 MRF464 3-520 2N5645 2N5645 a —_ 
2N4416 2N4416 — ~ 2N5646 MRF653 3-694 
| 2N4427 2N4427 3-23 2N5687 MRF230 — 
-2N4428 2N4428 | 3-25 2N5688 2N5847_ | 
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INDEX CROSS-REFERENCE (Continued) 


. Motorola | .- Motorola | | - Motorola |  — Motorola a 
Industry Direct | Similar ; Industry Direct © | Similar ~ 
|. Part Number | Replacement — | _ Replacement. | Part Number - . Replacement Replacement |. 


2N5689 2N584/ 2N6199 | 
2N5690 - 2N5848 | | 2N6200 , | 2N5643 
2N5691 : 2N5849 |} 2N6201 | 2N6166 
2N5697 ~ MRFS15 | | | = 2N6202 ee 2N5635 
‘| 2N5698 ~ 2N5644 ee | 2N6203. | rs MRF331 
_ 2N5699 2N5945 390 | | .2N6204 © | MRF323 
2N9/10 2N4073 ae | 2N6205 MRF5177A 
7 = Wt MRF891 
~ MRF892 


-ONST11 2N5641- 364 | | 2N6206 | 
| ons7i2, | 2N5642 367 | | 2Nezo7 ech d 
ON5713 lo ON5643. | | one2ss 2N6255 


2N5773 MRF5174 | 2N6256 -2N6256 
2N5774 MRF331 z | 2N6304 ~ 2N6304 
2N5775 4 MRF5177A ss ‘| 2N6305 ~-2N6305 
2N5829 2N4957, | 2N6366 ie 
2N5834 om on 2N6367 or 
2N5835 | | | | | 2N6368 MRF460 
2N5836 , | 2N6370 | MRF410 
2N5837 : - 3 2N6439. - 2N6439 
2N5841 | 2N6455  =—ss« |. MRFA49A 
2N5842 - | | 2N6456 MRF450A 


2N5846 | MRF231 Ze 2N6457 MRF492A 
2N5847 | 2N6081 3-104 | 2N6458 | MRF406 
2N5848 2N5848 ‘ae : [tei | 2N6459 MRF450 
2N5849 _2N5849 3-79 ° 2N6460 MRF492 
2N5862 2N5862 : a 2N6603  2N6603 
2N5913 MRF607 7 3-663 2N6604 _ 2N6604 
2N5914 : 2N5944 3-90 | | 2SArtl 2N3959 
2N5915 2N5946. 3-90 | 2SA800 MM4049 
-2N5916 | MRF5174 3-915 29A1161 MPS536 
2N5917 | MRF5174 3-915 | | 2SA1223 


MRF231 
MRF433 


2N5918 MRF321 3-398 2SA1228 | MM4049 
2N5919A MRF323 | 3-402 25A1230 | 

2N5941 | | 2 3.594 | 2SA1245 _ MMBR4957 
2N5942 MRF464 3-520 } 280319 - 2N4427 - 
2N5943 3-83 250320 | MRF607 
2N5944 3-90 | 2SC567 _~ MRF502 
2N5945 . 3.90 ‘| 250568 -. MRF501 
2N5946 | | 3.99 | | 2SC571 2N3924 
ON5947 3.97 | | 2SC572 -2N3926 


2N5992 MRF232 | 3.337 2SC573 2N3927 


2N5993 ~ MRF234 3-345 250585 |  2N3632 
2N5994 MRF315 3-386 |: 250997: 2N3553 
2N5995 ms ~ MRF212 PAs 290598 a 
2N5996 - 2N5591 2s 25C600 2N3632 
-2N6080 2N6080 a 3-101 250628 _ MRF225 
2N6081 . 2N6081 MRF221 3-104 | |} 280635 =| 2N8875 
2N6082_ 2N6082 | 3-107 25C636 2N3632 
2N6083 2N6083 Coe 3-110 | | 250687 2N3926 
2N6084 2N6084 MRF224 [3-113 280638: _ 2N3927 
2N6093 © - MRF464 1 3.520 | 2sCbot  .2N4428 


2N6094 2N6094 - | 250652 2N4428 
2N6095 | 2N6095 296730 - 2N4427 

2N6096 2N6096. bie a 4 fd 280821 : 2N4427 
2N6097 2N6097 | | ; 28C822 2N4427 . 
2N6104 MRF5177A } 2SC823 cs -2N5109 
2N6105 | MRF5177A | | 250824 —_ 2N5943 


ON6136 2N6136 290831 -2N5016 
2N6166 2N6166 | 3116 | | 2808652 . | 2N5943 
2N6197. ON5641 | 364 «| | 290890 Dad |. MRFDS15 


2N6198 - 2N5642 Sem 250891 |. 2N5645 
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INUEA GHUSS-HEFERENLE (Continued) 


Industry 
| _PartNumber {| _ 


| 250892 


200988 
290988A 


290 1090-1 
2501119 


5501920 
Set AI be 


251251 
2901252 
2961253 
2901254 
2901256 
2901257 
2901258 
2901259 


2901260 
2901268 
2901275 
2801297 


2801298 


2961306 
2901307 


9CF129G 


awy ivoewv 


2901336 
2901365 


2801366 


| 2501424 


2901426 
2901560 


| 2501589 


2901590 
2901591 
2901592 
2801593 
2501594 


2501600 
2501603 
2SC1604 
2SC1605A 
2SC1606 
2501656 
2SC1678 
2501689 


|. 28¢1729 


2801763 


2SC1764 
2SC1804 
2SC1805 


| 2501807 


2901808 
2901945 
2501946 
25C01946A 
2901947 


| 2501949 


Motorola 
Direct 
Replacement 


2N6304 
2N6255 


2N6081 


2N2857 
2N2857 


MRF485 


ON5GAQ 
MRF586 


MRF586 
MRF914 


MRF476 


MRF464 


MRF479 


MRF237 


~MRF653 


| 2N5637 


| 2N4497 


~ Motorola 
Similar 
Replacement 


MRF914 


MRF237 


MRF654 


. 2N6604 


MRF901 


~ MRF475 


MRF587 
MRFS86 
MRFS86 


2N6081 


2N6083 


MRF572 


2N5643 


~ MRF315A 


MRF485 


MRF572 


MRF965 
MRF572 
MRF260 
MRF262 


~ MRF262 
~ MRFS87 


MRF587 
MRF587 


MRF586 


| MRE752 


MRF750 


| MRF2628 


2N6080 
MRF903_ 


MRF315A 
MRF2628 


| MRF464 


MRF321 
MRF323 
BFY90 - 
MRF652 


MRF222 


MRF1946A 


MRF962 


al 


| 2501955 

| 2501966 

2501967 

| 2SC1968A 

| 2801969 

251970 

3-649 2SC1971 
3-120 2501972 
3-698 2501988 
3-133 2502025 
3-788 2502026 
3-528 2502040 
3-649 2502065 
3-649 2502075 
3-649 2502081 
3-120 2502082 
~ 2502083 

3-104 2502098 
3-104 2502099 
3110 | | 2802100 
3-2 2502101 

3-627 2$02102 
3-2 2$C02103A 

3-70 2$C02104 
3-386 2502105 
3-544 2502106 
3-544 2$C2131 
3-79 2SC02132 
3-627 2502148 
3-649 2502149 
3-649 2SC2174 
3-804 | | 2S8C2178 
3-147 | | 2SC2181 
3-627 | | 2SC2207 
3-362 252217 
3-370 | | 2802218 
3-370 2802222 
3-649 | | 28¢2280 
3-649 | | 2502281 
3649 | | 2802282 
3-649 | -| 2802290 
3-710 2502329 
3-706 2502350 
3-907 | | 282351 
3-101 2502367 
= 2502369 

3-532 2502395 
3-386 2502420 
3-907 2SC2494K 
3-520 2502494M 
3-520 2SC02495K 
3-398 25C2495M 
3-402 2SC2496A 
3-161 2502498 
3-690 2502499 
3-540 2502508 
_= 2502509 
3-862 2502510 
3-349 2502570 
3-147 2502586 


MOTOROLA RF DEVICE DATA 


1-4 


Industry 
__ Part Number | 


‘MRF237 


. Motorola 
Direct 
Replacement 


| MRF475 


| MRF260 
MRF262 
MRF914 


MPS911 
MRF587 


MRF476 


| 2N5944 


MRF475 
MRF406 
MRF412 


| MRF2628- 
MRF1946A 


| MRF629 


MRF5/2 


MRF224 
MRF475 


MRF2628 


| MRF454 


MRF911 
MMBR5/1 


MRF2369 
MRF433 
MRF 1946 


MPS911 
MPS901 
MRF1946 
MRF479 
MRF422 
MPS571 
MRF629 


Motorola 
Similar 
Replacement 


2N5945 
2N5946 
MRF641 


MRF553 


MRF965 


MRF587 


2N5946 
MRF654 


2N6081 


MRF652 


~ MRF653 


MRF654 


MRFBAG 


wien Ure 


2N6604 
MRF572 


MRF221 


-MRF9572 


MRF572 
2N5946 
2N5944 


-2N5946 


MRF607 


MRF9/72 


MRF750 
MRF750 


~ MRF752 
_ MRF752 


MRF646 


3-349 


INDEX GRUSS-KEFERENGE (Continued) 


Motorola 
Similar 


Motorola 
Similar 
Replacement 


Motorola 


Industry Direct 
Part Number . Replacement | 


2902627 
— 2802628 
2902629 
2902630 
2962642 
29062643 
2902652 
2902694 
2802753 
2902759 » 


2502782 
2902783 


— 2802876 


2962879 
2502886 | 
2962887 
29062888 


| 2502889 


2902890 
2902891 © 


2502892 
2502893 
| 2502894 
2502895 
2502896 
2502897 
2502905 


20C2906AK 
25C2906AM 


2902915 


2902917 
2902931 
29062932 
2902933 
~ 2802946A 
2002952 
| 2902953 
2902954 
2903011 
2903019 


2903020 
2903021 
2903022 
2903099 
2903101 
2903102 
2903103 
2903104 
~ 2803105 
2903120 


2903133 

2903139 
| 2503147 
2903268 
2903282 
2903283 
2503301 | 
— 2803302 
2903355 
2903356 


MRF247 
MPS5/71 
MMBR911 


_ MRF247 
MRF646 


MRF 421 
MRF331 


MRF317- 


MRF5174 
MRF321 


MRF325 


MRF309 
MRF327 


MRF648 
MRF247 


BFQ19 
MRF559 


MMBR901 
MRF630 


MRF479 


MXR571 
MRF842 
MRF844 


MRF9/1 


| 2N6080 


MRF2628 


MRF1946A 3-862 


MRF247 
MRF641 
MRF644 | 
MRF448 


MRF5/1 
MRF331 
MRF314A 


MRF315A 
MRF316 


MRF323- 


MRF646 
MRF 754 
MRF 7/54 


MRF557 
MRF840 
MRF842 
MRF646 


. MRF586 


MRF587 


MMBR901 


MRF652 
MRF653 
MRF644 


MRF648 » 
MRF 7/52 
MRF/54 
MRF844 


MMBR911 


MRF890 
MRF247 


MXR571_ 
MPS571 


_MMBR5/1 


Motorola 
Industry |. -~ Direct 
Part Number | Replacement 


3-101 2503358 
3-907 2503429 
2903445 
3-355 2903582 
3-674 2903583 
3-678 2903584 
3-495 | 2903604 
3-355 8BSE10 
3-198 8BSE30 


3-211 8MOB1 


8MOB2 


3-355 


3-682 BMOB5 
3-627 B8MOBSE 
3-465 ~ BMOB10 
3-422 B8MOB15 
3-422 8MOBI15E 
3-382 BMOB25 
3-386 BMOB30 
3-390 BMOB45 


9BSE2 
9BSE10 


3-394 
3-915 


3-398 9BSE35 
3-402 9BSE55 
3-406 0104-100 
3-3/8 0105-50 
3-414 0105-100 
3-682 0204-50 
3-714 0204-125 
3-714 0510-10 
3-686 0510-25 


~ 3-355 0912-7 


3-615 0912-25 
3-734 0912-45 
3-744 0912-1250 
3-682 0912-1258 
3-649 2001 
3-649 2003 
3-138 2005 
3-183 2010 
3-620 2010M 


3-690 2015M 


3-694 2023-1.5 
3-6/8 2023-1.5T 
3-183 2023-3 
3-670 2023-3 
3-686 2023-6 
3-/10 2023-67 
3-714 2023-12 
3-754 2023-16 
3-211 2301 


3-540 
3-760 


2304 
2307 


3-355 35821B 
3-198 35821E 
3-744 35822B 
3-754 35822E 
3-198 35824A 
3-627 35825B 
3-198 35825E 
3-198 40006 


MOTOROLA RF DEVIGE DATA 


1-5 


MMBR5/1 


MRF892 
MRF894° 
MRF838A 


MRF839F 


MRF842 
MRF873 
MRF844 


MRF846 
MRF890 


MRF2001 
MRF2003 
MRF2005 
MRF2010 
MRF2010M 


MRF2016M 


| Replacement 


MRF572 


MMBR571 
MPS571 
MMBR571 
MRF571 
MRF572 


~ MRF839 


MRF841 
MRF840 


MRF844 


MRF892 
MRF894 
MRF898 
MRF392 
MRF390 
MRF392 


_MRF892 


MRF894 


MRF1008MC 
MRF1035MC 
MRF1090MC 
MRF1150MC 
MRF1150MC 


MRF2001M 
MRF2001M 
MRF2003M 
MRF2003M 
MRF2005M 
MRF2005M 
MRF2010M 
MRF2016M 


MRF2003 


~ MRF2005 
» MRF2010 


2N6603 
2N6603 
2N6603 


-2N6603 


MRF904 
2N6603 
2N6603 
MRF464 


3-627 
3-198 
3-198 
3-198 
3-198 
3-627 
3-627 
3-776 


3-780 


3-724 
3-728 


3-738 


3-728 
3-734 


3-744 . | 


3-764 
3-754 
3-754 
3-757 
3-768 


3-776 
3-780 
3-784 
3-442 
3-438 
3-442 
3-438 
3-442 
3-776 
3-780 


3-830 
3-838 
3-842 


3-850 


3-850 
3-866 
3-874 
3-882 
3-890 
3-894 


| 3-898 


3-870 
3-870 
3-878 
3-878 
3-886 


3-886 
3-894 


3-898 
3-874 


3-882 
3-890 
3-129 
3-129 
3-129 
3-129 


CURIE WIWU FEE RELI, FUUIIIUGU 


E Motorola Motorola | : 
Industry | Direct . Similar e 
i Part Number | Replacement. Replacement | Page # | 


MRF476 


A3-28 2N5641 


| Motorola Motorola | 
Industry — Direct. Similar 
Part Num er | Replacement | Replacement | Page #— 
3-64 


MRF406 


MRF476 A15-12 3.453 | 

MRF475 A25-28 MRF314A 3-382 
MRF501 A80-12 MRF492 3-552 | 
~2N3375 A80-12G. eh MRF492 | 3-552 | 
ON4427 A210 MRF517 | 3-571 | 
| AQ281 2N3926 ial A234 MRF581 3-639 
| 40282 2N3927 | — A400 MRF904 3-794 
40290 2N3553 | 3-8 A401 MRF914 : 3-804 
40291 2N3632 = A402 MRF904 3-794 
40292 ~ 2N3632 = A403 MRF914 3-804 
40340 | 2N5071 = A406 MRF965 3-147 
Lagat | oN3059 | = A440 MM4049 3-173 
40446 MRF475 3-528 A485 BFX89 3-161 
40578 2N3866 3-10 A486 BFW92A 3-156 
40581 MRF475 3-528 A490 BFX89 3-161 
40582 MRF475 3-528 |. A500 2N6603 3-129 
40608 2N5943 | 3-83 A501 2N6603 3-129 
40637A 2N4072 a A510 - 2N6604 3-133 
40665 2N3375 = A511 | 2N6604 3-133 
40666 2N3632 a A516 ~ MRF581 3-639 
40893 2N5946 3-90 A522 MRF521 3-576 
40894 oe 2N5179 3-54 A523 MRF521 3-576 
40895 2N5179 3-54 A561 MRF962 | 3-147 
40896 92N5179 3-54 A573 MRF572 | 3-627 
40897 2N5179 3-54 A574 | MRF572 3-627 

; 40915 2N5031 | 3.36 AP15-12 ~MRF261 ~ 3-366 
40934 MRF616 ae AP30-12 MRF477 — 3-536 
40936 2N5070- — | [| AP30-12L MRF477 | 3-536 
40940 MRF5175 3-918 | | AT004 | MRF904 3-794 
40941 MRF313 | 3-380 | | ATOO17 MRF904 | 3-794 
40953 | MAF207 ; — | | ATOOT7A | MRF904 | 3-794 | 
| 490954 MRF212 | — | | AT25 | | MRF9O1 3-788 | 
40955 . MRF1946A . . 3.869 | AT25A 1 MRF901 1 3-788 | 
40964 | MRF515 ; 3-567 AT25B | MRF9O1 3-788 
40965 MRF515 7 | 3-567 AT0045 | MRF904 | | ‘| 3-794 
40967 2N5944 —— 3-90 AT50 | BFR9O | | 3-139 | 
40968 2N5946 | 3-90 AT51 BFROO — aw 3-139 
40970 MRF644. | 3-678 | AT52 | BFR9O I | 3-139 
40971 MRF646 3-682 AT1425 | BFR9O }. 3-139 
40972 MRF607 | | 3663 | | AT1825 | 2N6604 | | 3-133 | 
40973 2N6081 | 3-404 | AT1845 2N6603 | 3-129 
40974 | -2N6082 3-107 AT1845A 2N6603 | 3-129 
40975 ~ 2N3553 i 38 | AT2625 | 2N6603 3-129 
40976 2N3553 1 38 | AT2645 2N6603 |. 3-129 
40977 2N5642 | 3.67 | AT2645A | 2N6603 3-129 
41009 ‘| MRF616 i AT2715 ~. MRF962 3-147 | 
41009A | 2N5944 3-90 B1-12 : MRFS53 | 3-606 
41010 2N5946 | 3.90 B2-8Z : 2N6080. | 3-101 
41024 2N5108 | 3-40 | B3-12 2N6080 - 3-101 
41025 | MRF321 3-398 B3-28 2N5641 3-64 
41026 ~ MRF323. 3-402 | B5-8Z | 2N6081 3-104 

41027 MRF321 | | 3-398 | BR12 — MRF212 —_——_ 

— 41028 -MRF323 3-402 | B12-12 2N6081 | 3-104 
41038 ~ MRF905 3-799 | B12-28 2N5642 | 3-67 

~ g0091 MRF511 3-561 | B15-12 2N6081 oe 4 3-104 
80099 MRF525 3-584 | B25-12 2N6082 3-107 
80167 MRF511 3-561 | B25-28 2N5643 3-70 
80231 - MRF511 | 3-561 B30-12 2N6083 | 3-110 


A3-12 | 2N5847 — B40-12A -2N6084 : 3-113 


MOTOROLA RF DEVICE DATA 


1-6 


INUEX GHUSS-HEFENENGE [Lontinueg) 


Industry | 
| : Part Number tL. 


B40-28 
B45-12 
B70-28 
BAL0105-50 
BAL0105-100 
BAM20 
BAM40 
BAM40SR 
BAM80 
BAM80SR 


BAM100SR 
-BAM120 
BAM120SR 
BF7-35 
BF14-35 
BF25-35 
BF50-35 
BF100-35 
BF679 
BFGQOA 


BFG91A 
BFG96 
BFP10 
BFP91A 
BFP96 
BFQ17 
BFQ19 
BFQ22 
BFQ23 
BFQ34 


BFQ34T 
BFOQ42 
BFQ43 
BFQ51 
BFQ63 
BFQ66 
BFQ85 
BFR36 
BFR38 
BFR49 


BFRO3 
BFR63 
BFR64 
BFR65 
BFRSO 
BFR90A 
BFR91 
BFR9TA 
BFR92 
BFR92A 


BFR93 
BFR93A 
BFR94 
BFR95 
BFR96 
BFR96S 
BFR99 
BFS17 
BFS17S 
BFS22A 


Motorola 
Direct 


2N6084 


MRF314 
MRF315 
MRF315 


MRF 134 
MRF 136 


MRF 172 


MRF2369 
MRF 961 


MRF9/3 


BFQ17 
BFQ19 


MRFS80 
MRF607 
MRF237 


MRF914 


MRF95/1 
MRF517 
2N4959 
2N6603 


‘MRF9S11 
MRF511 
MRF9511 
BFR90 
BFR90 
BFR91 


BFR92 
BFR92A 


BFR93 
BFR93A 
MRF587 
MRF517 
BFR96 
MRF580A 
2N495/ 
BFS1/ 
BFS17S. 


Replacement | 


Motorola 
Similar 


Replacement 


2N5643 


ON6166 
MRF390 
MRF392 


2N6166 
2N6166 


MRF317 
MRF317 
MRF317 


|. MRF137 


MRF174 
MRF536 
MRF901 


MRF914 


~ MRF581 


MRF904 
MRF536 
MRF587 


MRF536 


MRF5/72 


MMBR920 


MRF5S/71 


BFRC96 


2N3924 


3-70 BFT24 
3-113 BFT50 
3-116 BFT95 
3-438 BFT96 
3-449 BFW16A 
3-382 | | BFWI7A 
3-386 BFW46 
3-386 BFW47 
3-116 BFW92A 
3-116 BFW93 
3-394 BFW94 
3-304 BFX89 
3-304 BFY90 
3-221 BGD102 
3-229 BGY40A 
3-239 BGY40B 
3-311 BGY40C 
3-319 BGY41A 
3-173 BGY41B 
3-788 BGY41C 
3-902 BGY50 
3-147 BGY51 
3-804 BGY52 
wee BGY53 
3-639 BGY54 
3-137 BGY55 
3-138 BGY56 
3-794 BGY57 
| 3-173 BGY58A 
3-649 ~ BGY6I 
3-639 BGY65 
3-663 BGY67 
3-349 BGY67A 
3-173 BGY70 
3-804 BGY71 
3-627 BGY78 
3-627 BGY84 
3-571 BGYB4A 
3-27 ~ BGY85 
3-129 BGYB5A 
3-184 BGY91 
3-561 BGY92 
3-561 BLU20/12 
3-561 BLU45/12 
3-139 BLU52 
3-139 BLUS3 
3-142 BLU60/12 
3-627 | | BLU9S ~ 
3-145 BLU99 
3-145 BLV10 
3-146 BLV11 
3-146 BLV15/12 
3-649 BLV20 
3-571 BLV21 
3-147 BLV30 
3-639 BLV31 
3-27 BLV45/12 
3-155 BLV75/12 
BLV80/28 
3-14 BLV90 


MOTOROLA RF DEVICE DATA 


‘7 


. Industry = 
Page # Part Number | 


Motorola 
Direct 
Replacement 


MRF931 
MRF904 


MRF517 

_MRF517 
2N3924 

- 2N3553 
BFW92A 


_MRF559 
BFX89 
BFY9O 
MHW5185 
MHW/709-1 
MHW709-2 

~ MHW709-3 
MHW710-1 
MHW710-2 
MHW710-3 


MHW3171 
MHW3172 


MHW3222 
MHW3342 
MHW1134 


MHW1184 
MHW1224 
MHW1244 


MHW5122 
MHW5342 
MHW5171 
MHW5181 
MHW5172 
MHW5182 


MHW806-1 
MHW820-1 
MRF644 
MRF646 
MRF390 


MRF648 
MRF581 
~ MRF841 


MRF221 


MRF314 


MRF247 
~ MRF316 
MRF838A 


Motorola 
Similar 


Replacement | sie 


MRF536 
MRF536 


-MRFQ11 


MHW1121 
MHW1122 
MHW3171 
MHW3172 


MHW3222 


MHW5122 


MRF392 


MRF212 


MRF221 
2N5641 


MRF5175 
MRF323 
MRF416 


Page # 


3-807 
3-794 | 
3-173 
3-173 
3-571, 
3-571 
314 | 
3-8 


3-156 


3-801 


3-620 
3-161 
3-161 
471 
4-14 
4-14 


~ 4-14 


4-18 
418 


448 


QT Triste ery 


| Motorola Motorola 
Industry = Direct Similar : 
Part Number Replacement ae Replacement Page # 


Motorola Motorola 
industry Direct Similar 
| _Part Number Replacement Replacement Page # 


BLV91 MRF870A BLY57 2N3926 
BLV92 MRF841 BLY58 2N3927 
BLV93 - MRF840 BLY59 2N3375 
BLV94 | MRF843 | BLY60 2N3632 
| BLV95 | | MRF84 | BLY87A MRF212 
i BLVY6 i iMRF846 3-/5/ BLY87C MRF2628 3-907 | 
| BLV97 | MRF8 3-780 BLY88A | 2N6081 | 3-104 
i BiLW2s | 2N2628 == BLY88C 2N6081 | 3-104 
| BLW31 MRF1946A 3-862 BLY89A ne | 2N6082 3-107 
BLW32 MRF890 3-768 BLY89C 2N6082 3-107 
BLW33 MRF321 3-398 BLY91A | 2N5641 3-64 
BLW34 | MRF321 3-398 BLY91C 2N5641 3-64 - 
i BLW50F i MRF464 | 3-520 BLY92A P  2N5642 3-67 
BLW60 | 2N6084 3-113 BLY92C 2N5642 - 3-67 
BLW60C 2N6084 3-118 BLY93A MRF314A 3-382 
BLW64 | MRF208 ae BLY93C MRF314A 3-382 
BLW75 MRF226 3-327 } BLY94 MRF315A 3-386 
BLW76 MRF464 j 3-520 BM30-12 MRF216 , — 
BLW77 — | -MRF422 3-469 BM45-12 . MRF243 — 
BLW78 -| MRF464 3-520 BM70-12 - ~ MRF247 3-355 
BLW79 2N5944 — 3-90 BM80-12 MRF247 3-355 
BLW80 MRF652 3-690 BM100-28 MRF317 3-394 
BLW81 2N5946 3-90 BP8-12 MRF262 3-370 
BLW82 | MRF644 3-678 BP15-12 MRF262 3-370 
BLW83 . MRF426 3-473 BP30-12 ~ MRF264 3-374 
BLW84 MRF314 . 3-382 BP30-12L MRF264 3-374 
BLW85 MRF224 3-113 C2M50-28 MRF326 3-410 
BLW85SP MRF224 3-113 C2M50-28R i) MRF326 3-410 
BLWé86 MRFS15 3-386 C2M60-28 2N6439 3-125 
BLW87 MRF222 . —_—- C2M60-28R 2N6439 3-125 
BLW89 MRF5174 3-915 C2M70-28R | MRF327 | 3-414 
BIL.W90 | MRF5175 | | 3-918 | C2M 100-28 | MRF329 | 3-418 
| BLW91 . | MRF321 3-398 | C2M100-28A | MRF329 | 3-418 
| BLW95 MRF429 a 3-485 C1/2-12 MRF626 | — 
| BLW96 . MRF448 3-495 C1-12 | MRF616 ss 
BLW97 MRF422 | 3-469 C1-28 MRF313 3-380 
BLW98 . MRF323 - 3-402 [ | C2-8Z MRF752 ae 3-710 
BLW99 MRF421 ; | 3-465 C3-12 2N5645 — 
| BLX13 MRF426A 3-473 C3-28 | MRF5174 | 3-915 
BLX13C MIRF426A 3-473 C5-8Z MRF 7/54 } 3-714 
BLX14 MRF464A | 3-520 | C5-12 - | MRF652. | 3-690 
BLX39 | MRF315A im } 3-386 | | 012-28 | MRF331 | 3-422 
BLX65 MRF629 _— | C25-28 MRF323 — 3-402 
BLX66 2N5944 3-90 | C40-28 | MRF5177A . 3-924 
BLX6/ 2N5946 | 3-90 | CA100 MHW1171 | — 
BLX68 2N5946 3-90 CA200 | MHW1172 | — 
BLX69A : MRF654 | 3-698 CA401B | 1 MHW1182 — 
BLX91 . MRF313 3-380 | | CA416 MHW1184 | 4-45 
BLX91A | MRF313 3-380 CA418 | MHW1184 4-45 
BLX92 | MRF5174 3-915 CA601B/U MHW1342 — 
BLX92A | | MRF5174 3-915 | CA636 | MHW1342 — 
| BLX93 MRF331 3-422 CA801 ~ MHW590 | 4-2 
BLX93A MRF331 3-422 | CA804 MHW590 4-2 
BLX94A . | MRF5177A 3-924 CA860 MHW592 4-8 
BLX94C MRF323 3-402 CA870 MHW590 4-2 
BLX95 | MRF5177A 3-924 CA2100 MHW3171 | 4-51 
BLX96 MRF890 | 3-768 CA2101 MHW3171 | 4-51 
BLX97 MRF321 3-398 CA2200 MHW3172 4-5] 
BLX98 MRF323 . 3-402 CA2201 MHW3172 4-5] 


| BLY53A | 2N5946 3-90 CA2300 MHW3222 | 4-55 


MOTOROLA RF DEVICE DATA 
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INDEX CROSS-REFERENCE (Continued) 


Industry eS 
|_Part Number | 


CA2301 
CA2418 
CA2422 
CA2600 


| .CA2601BU 


CA2603 
CA2700 
CA2800- 
CA2800H 
CA2810 


CA2810H 
CA2812 
CA2812H 
CA2813 
CA2818 
CA2818H 
CA2820 
CA2820H 
CA2830 
CA2830H 


CA2832 
CA2832H 
CA2840 
CA2840H 
CA2842 
CA2842H 
CA2850 
CA2850R 
CA2870 
CA2870H 


CA2875 
CA2875R 
CA2876 
CA2876R 
CA3100 
CA3101 
CA3200 
CA3201 
CA4101 
CA4201 


CA4411 
CA4412 
CA4418 
CA4422 
CA4424 
CA4600 
CA5101 
CA5170 
CA5180 
CA5201 


CA5270 
CA5280 
CA3300 
CA5301 
CA5600 
CA6101 
CA6201 
CD1752 
CD1802 
|} CD1979 


Motorola 


Direct 


Replacement 


MHW3222 
MHW1184 
MHW1224 


~ MHW3342 


MHW1344 


MHW1392 


_ MHW5342 


MHW592 


MHW3222 
MHW3222 


MHW1182 
MHW1172R 
MHW5342 


MHW1182 
MHW1172R 
MHW5222 
MHW5222R 
MHW3171 
MHW3171 
MHW3172 
MHW3172 
MHW5171 
MHW5172 


MHW1134 
MHW1134 
MHW1184 
MHW1224 
MHW1244 


~ MHW5342 


MHW5181 
MHW5171 


MHW5182 


MHW5172 
MHW5142 


MHW5222 
MHW5342 
MHW6181 
MHW6182 


MRE226. 


Motorola 


Similar 


Replacement 


MHW1343 


MHW5172 
MHW5172 


MHW5342 
MHW593 
MHW593 ~ 
MHW591 
MHW3182 
MHW83182 
MHW590 
MHW590 
MHW592 


MHW592 
MHW592 


MHWw3222 
MHWw3222 


MHW5342 


MHW5142 


MHW5222 


~ MRF317 
~ MRFS177A 


4-55 
4-45 
4-45 
4-57 
4-49 
4-49 


4-90 
4-90 


3-394 
3-327 
3-924 


MOTOROLA RF DEVICE DATA 
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Industry | 
| _ Part Number - 


CD2035 
CD2087 
CD2088 
CD2089° 
CD2505 
CD2514 
CD2545 
CD2810 
CD2811 
CD2812 


CD2813 
CD3025 
CD3400 
CD3401 - 
CD3403 
CD3463 
CD4024 
CD5916 
CD5918 » 
CD5919A 


CD5944 
CD5945 
CD5946 
CD6105 
CD6105A 
CD7012 
CF4-28 
CG125, 
CG125A 
CG125B 


CG125C 
CG125D 
CG125L 
CG127 
CG127A 
CG127B 
CHEO 
CM10-12A 
CM10-28 
CM20-12A 


CM25-28 
CM25-28A 
CM30-12A 
CM45-12A 
CM45-28 
CM60-12A 
CM80-28 
CM80-28R 
CMES50-12 
CP5-12 


CTC14 
CTC15 
CTC1175M 
CTC1350M 
CTC2001A 
CTC2003A 
CTC2005A 
CTC2010 
CZ8110 
C2Z8120 


Motorola 
Direct 


- Replacement 


MRF5175 


MRF321, 
MRF823. 
MRFS175 


2N5946 © 


MRF421 
MRF224 
MRF95174 
MRF321 
MRF323 


2N5944 


~— 2N5945 


2N5946 


MRF454 
MRF 161 


~ 2N6603 


2N6604 
MRFS72 


MRF641 
MRF325 


MRF644 
MRF646 


MRF648 
MRF327 
MRF327 


| MRF66O 


MRF1150M 
MRF1325M 
MRF2001 
MRF2003 
MRF2005 
MRF2010 
MWA110 
MWA120 


~ Motorola 


Similar 


MRF5175 


| 2N6081 
 MRF450 


MRF321 
MRF321 
MRF321 


MRF321 
MRF315 


MRF316 
MRF317 


MRF5177A 


MRF5177A 


2N6603 
MRF95/72 


MRF572 
2N6604 


~ MRF572 


MRF572 
MRF616 


~ -MRF641 


MRF331 


MRF325 


MRF326 


_ _MRF648 


MRF464A 
MRF428 


_._ Replacement 


3-918 
3-918 
3-398 
3-402 
3-918 
3-104 
3-502 | 
3-398 
3-398 
3-398 


3-398 
— 3-90 
3-386 
3-390 
3894 | 
3-465 
3-113 
3-915 
3-398 
3-402 


3-90 
3-90 
3-90 

3-924 
3-924 
3-507 
3-279 
3-129 
3-129 
— 3-627 


3-627 
3-133 
3-133 


| 3-627 


3-627 
3-627 
3.674 
3.429 | 
3-674 | 


3-406 
3-406 | 
3-678 
3-682 
3-410 

— 3-686 
3-414 

—B-414 | 
3-702 


3-520 
3-481 
3.846 
3-858 
3-866 
3-874 
3-882 
3-890 
4-104 - 
~ 4-104 


INUEA GHUSS-HEFERENLE (Continued) 


Industry |: 
| Part Number 


- Motorola 
Similar 
Replacement 


- Motorola 
Direct 
Replacement 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


| Industry 1 
Page # Part Number Page # 


CZ8130 
078210 
CZ8220 


CZ8320 


C7RIA*W*N 
WCU 


CZ8401 


CZ8402 
CZ8403 


CZ8404 
628461 
CZ8462 
CZ8463 
CZ8464 
D1/2-12 
D1-12E 
D1-28 
D2-12E 
D3-28 


D10-28 
D10P 
020-28 
DM10P 
DM30-12BA 
DM30P 
DM50P 
DMBS-12 
DMB5-12BA 
DMB10-12 


DMB10-12BA 
DMB10-25 
DMB15-12 
DMB20-12 


| DMB20-12BA 


DMB30-12 


-DMB30-25 


DMB45-12 
DMB45-12BA 
DME2 


DME6L 
DME? 
DME10 
DME25 
DME30L 
DME50 
DME75 | 
DME120L 
DME150 


“DME250 


DME375 
DME375A 
DMEG70 
DMEG250 
DV 1006 
DV 1007 
DV 1008 
DV 1010 
DV2805S 
DV2810S 


MWA130 
MWA?210 
MWA220 
MWA230 
MWA320 


RALAIA 2a 


AVA c 
ivevyrwuy 


MRF321 
MRF323 
MRF844 


MRF840 


MRF840. 
MRF892 


MRF842 
MRF842 
MRF844 
MRF894 


MRF846 


MRF846 


MRF1150M 


MRF 137 
MRF 171 
MRF 172 
MRF 174 
MRF 134 

MRF 136 


MWA110 
MWA120 
MWA230 
MWA230 
| MWAt10 
MWA120 
MWA230 
MWA230 
MRF838A 
MRF838A 
MRF313 
_ MRF839 
MRF5174 
MRF1015MC 
MRF1015MB 
MRF1035MB 
MRF1090MB 
MPFgAtE 3-738 
MRF841F 3-738 
3734 
3-734 
| 3-776 
MRF842 3-744 
3-744 
3-744 
3-754 
3-780 
3-757 
| 3-757 
MRF1002MA | 3-822 
MRF1008MC | = 3-830 
MRF1008MC_ | 3-830 
MRFIOISMA | 3-834 
MRF1035MC | = 3-838 
MRF1035MC_ «| «3-838 
MRFI090MC =| = 3-842 
MRF1090MB | 3-842 
MRFI150MC =| 3-850 
| 3-846 
MRF1250M 3-854 
MRF1325M 3-858 
MRF1325M 3-858 
MRFI090MC | 3-842 
MRF1250M 3-854 
: 3-239 
3-303 
3-311 
3-319 
3-221 


4-104 


3-229 | 


1-10 


DV2820S 
DV2840S 
DV2880U 
DV28120U | 
ESM269 
FF124 
GM-104-1A 
GM-104-4 
GM-104-20 
GM-104-100 


GPA501 
GPA502 
GPA503 
GPA510 
GPA511 
GPA512 
GPA1001 
GPA 1002 
GPA1003 
GPA 1004 


GPA1005 
GPA 1006 
GPA1007 
GPD110 
GPD120 
GPD130 
GPD310 


GPD320 


GPD330 
GPD401 


GPD402 
GPD403 
GPD404 
GPD461 

GPD462 
GPD463 
GPD464 
H50-28 

H100-28 
H100-50 


H175-50 


HMiIL-100-28 
HMIL-150-50 


HXTR2102 
HXTR6104 
HXTR6105 
IMD604HA 
IMD604HB 
IMD604HC 
IMD2001 


IMD2003 
IMD2005 
IMD2010 
J01006 
J02000 
J02005 
JO2007A 
J02009 
J02014 
JO2015A 


MOTOROLA RF DEVICE DATA 


MRF 136 
MRF 171 
MRF 172 
MRF 174: 
MRFO14 


MWA?210 
MWA220 
MWA230 


~ MWA330 


MWA110 
MWA120 
MWA130 
MWA310 


RALALA NNN 
WIVY AOCU 


MWA330 


MRF464 


MRF422 
MRF429 
2N6604 
2N6603 


MRF2001 


MRF2003 
MRF2005 
MRF2010 
MRF317 


2N6439 

MRF325 
MRF326: 
MRF327 


MHW4524F 


MRF313 
MRF5174 
MRF323 
MRF329 


MWA210 
MWA220 
MWA230 


MWA310 
MWA320 
MWA330 
MWA320 


MWA320 


~-MWA330 


MWA110 


MWA120 
MWA230 


|. MWA230. 


MWA110 
MWA120 
MWA230 
MWA230 


MRF422 
MRF428 


MRF428 


2N6603 

MRF2001 
MRF2003 
MRF2005 


MRF5177A 


MRF5177A 


3-229 
3-303 
3-311 
3-319 


Aan 


3-604 { 


4-59 
3-380 
3-915 
3-402 
3-418 


4-112 
4-112 
4-112 
4-112 
4-112 


~— 4-112 


4-120 
4-120 
4-120 


— 4-120 


4-120 


~ 4-120 


4-120 
4-104 
4-104 
4-104 
4-120 
4-120 


4-120 


4-104 


4-104 
4-112 
4-112 
4-104 
4-104 


4-112 


4-112 
3-520 
3-469 
3-481 


| 3-481 


3-469 
3-485 
3-133 
3-129 
3-129 
3-866 
3-874 
3-882 
3-866 


3-874 
3-882 
3-890 
3-394 


|. 3.904 


3-924 
3-125 
3-406 
3-410 
3-414 


INDEX CROSS-REFERENCE (Continued) 


Industry 1: 
_ Part Number | 


J02016 
J03012 
J03015 
J03020 
J03025 . 
J03028 
J03030 
J03035 
J03037 
J03040 


J03045 
J03050. 
503055 
-J03060 
J03401 
303402. 
J03403 
J03404 
503405 
J03406 


503502 
304028 
J04030 
504036 
J04040 
J04045 
J04070 
J04075 
J04080 
LMIL1 


LNA1001 
LT1001A 
LT2001 
LT3005 
LT3014 
LT3046 
LT3047 . 
LT3072 ° 
LT3203 
LT3204 


LT3700 
LT3708 - 
LT3704 
LT3746 
LT3772 
LT4400 
LT4403 | 
LT4404 
LT4446 © 
LT4485 


LT4700 
LT4703 
LT4704 
LT4746 
LT4772 
LT4785 
M57704H 
M57704L 


ME770AM 


Ww db Ueriv 


MC5381 


Motorola. 
Direct 
| Replacement 


MRF641 
MRF644 
MRF644 


| MRF646 


MRF646 


_ MRF648 


MRF648 


_ MRF840 


MRF842 
MRF844 
MRF846 


MRF216 
MRF4070 


_ MRF247 


MRF890 


MRF586 
MRF587 


MRF904 
MRF580 
MRF581 


2N6603 


MRF901 
MRF905 
MRF904 
MRF962 
BFR96 
MRF961 
MRF965 


MRF572_ 
BFRO1 
MRF571 


MRF914 
MRFS/3 


MHW3181 


Motorola 
Similar 


Replacement 


MRF327 


~ MRF641 


- MRF644 


MRF646 
MRF646 
MRF646 


MRF 648 


MRF844 
MRF846 


MRF894 


MRF216 


MRF216 
MRF216 


MRF 216 


~ MRF245 


MWA310 


MRF587 
MRF587 
MRF586 
MRF904 


MRF901 


MRF 962 


| MRF905 


MHW710-2 
MHW710-1 
MHW710-1 


MOTOROLA RF DEVICE DATA 


| . 


3-414 MC5382 
3-674 MC5383 
3-674 MC5384 
3-678 MC5385 
3-678 MC5386 
3-678 MC5387 
3.682 MC5388 
3-682 MC5389 
3-682 MC5813. 
3-682 MC5814 
3-682 MC5815 
3-686 MC5816 
3-686 MC5817 
3-686 MC5818 
3-734 MC5819 
3-744 MC5820 
3-754 MC5821 
3-754 MC5822 
3-757 MC5824 
3-757 MD4957 
3-780 | | MHW580 
ais MHW590 
_ MHW591 
= MHW592 
2 MHW593 
= MHW594 
3-911 MHW595 
3-355 MHW709-001 
— MHW709-002 
3-768 MHW709-003 
4-120 MHW710-001 
3-649 MHW710-002 
3-639 MHW710-003 
3-649 MHW720-001 
3-649 MHW720-002 
3-649 MHW720A1 
3-794 MHW720A2 
3-794 MHW725-1 
3-639 MHW725-2 
3-639 MHW725-3 
3-129 MHW802-001 
3-788 MHWw802-002 
3-788 MHW806-001 
3-799 MHW806-002 
3-794 MHW806-003 
3-147 MHW806-004 
3-147 MHW806A 1 
3-147 MHW806A2 
3-147. MHW806A3 
3-147 MHW806A4 
3-627 MHW806A5 
3-142 MHW806A6 
3-627 MHW806A7 
3-799 MHW806A8 
3-804 MHW812-1 
3-617 MHW812-2 
4-18 MHW812-3 
4-18 MHW820-001 
MHW820-002 


MHW820-003 


1-11 


| Industry —| 
|__Part Number _| 


Motorola 
Direct 


Replacement |. 


MHW3182 
MHW3342 
MHW9181 
MHW5182 
MHW5342 
MHW6181 
MHW6182 
MHW6342 
MHW1134 


MHW8222 


MHW6222 
MHW1184 
MHW6181 
MHW6182 
MHW6342F 
MHW1224 
MHW1244 
MD4957 


MHW1342 


~ MHWS90 


MHW591 
MHW592 
MHW593 © 
MHW1171 
MHW1172 
MHW709-001 
MHW 709-002 
MHW709-003 


MHW710-001 
MHW/7 10-002 
MHW710-003 


MHW720-001._- 
MHW720-002 


MHW720A1 
MHW720A2 
MHW725-1 
MHW725-2 
MHW725-3 


MHW802-001 ©} 
MHW802-002 - 


MHW806-001 
MHW806-002 
MHW806-003 
MHW806-004 
MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 


MHW806A5 


MHW806A6 
MHW806A7 
MHW806A8 
MHW812-1 


MHW812-2 


MHW812-3 
MHW820-001 


MHW820-002 — 
| MHW820-003 


Motorola 
Similar 
Replacement 


MHW5222 


MHW6222 


2 53 


4- 
4-5/7 


INCA UNUOO-NETENRENOGE [Lontinued) 


MHW1121 
MHW 1122 
MHW1134 
MHW1i71 


Afal 274 


MHW1172 
MHW1172R 
MAW 1182 
MHW 1184 
MHW 1221 


MHW 1222 
MHW 1224 
MW 1244 
MHW1341 
MHW1342 
MHW1343 
MHW1344 
MHWe172 
MHW3171 
MHW3172 


MHW3181 
MHW3182 
MHW3222 
MHW3242 
MHW3272A 
MHW3342 
MWH3382A 
MHW4171 
MHW4172 
MHW4341 


MHW4342 
MHW4524F 
MHW5122 
MHW5122A 
MHW5141A 
MHW5142 
MHW5142A 
MHW5162A 
MHW5171 
MHW5171A 


MHW5172 
MHW5172A 
MHW5181 
MHW5181A 
MHW5182 
MHW5182A 
MHW0185 
MHW5222 
MHWo222A 
MHW3272A 


MHW5332A 
MHW5341 
MHW5342 
MHW5342A 
MHW5342A 
MHW5382 
MHW5382A 
MHW6122 
MHW6141 
MHW6142 


Industry 
| _PartNumber | 


Motorola 
Direct 


MHW1121 
MHW1122 
MHW1134 
MHW1171 
MAWtt71R 
MHW11/2 
MAW1172R 
MHW 1182 
MHW1184 
MHW 1221 


MHW1222 
MEW 1224 
vinwW1244 
MHW1341 
MHW1342 
MHW1343 
MHW1344 
MHW2172 
MHW3171 
MHW3172 


MHW3181 
MHW3182 
MHW3222 
MHW3242 
MHW3272A 
MHW3342 
MHW3382A 
MHW4171 
MHW4172 
MHW4341 


MHW4342 
MHW4524F 
MHW5122 
MHW5122A 
MHW5141A 
MHW5142 
MHW5142A 
MHW5162A 
MHW5171 


MHW5171A 


MHW5172 


MHW51724 |” 


MHW5181 
MHW5181A 
MHW5182 
MHW5182A 
MHW5185 
MHW5222 
MHW5222A 
MHW5272A 


MHW5332A 
MHW5341 
MHW5342 
MHW5342A 
MHW5342A 
MHW5382 


MHW5382A 


MHW6122 
MHW6141 
MHW6142 


Motorola | 
Similar 
Replacement: — Page # | 


Replacement | 


MOTOROLA RF DEVICE DATA 


1-12 


Industry 
___PartNumber | 


-MHW6171 


MHW6171 
MHW6172 
MHW6181 
MHW6182 
MHW6185 
MHW6222 
MHW6272 
MHW6342 
MHW6342F 


MKB12040WS 
MKB12100WS 


MKB12140W 
M439 
MM1500 


| MM1500A 


MM1501 
MM1501A 
MM1510 
MM1511 
MM1549 


MM 1550 
MM1551 
MM1557 


et Ne i ae 


MM1612 
MM1618 
MM1620 
MM1622 
MM1632 
MM1633 


MM1646 
MM1660 


MM1661 
MM1662 
MM1665 
MM1666 
MM1667 


MM1668 


MM1669 
MM1680 
MM1681 


MM1713 
MM1943 
MM1945 
MM4018 
MM4019 
MM4020 
MM4021 
MM4022 
MM4023 
MM4049 


Motorola 
Direct 


MHW6172 
MHW6181 
MHW6182 
MHW8185 
MHW6222 
MHW6272 
MHW6342 
MHW6342 


cd 
= 
= s) 
“YT 


1080MC 


v 


2N5851 
2N5852 
2N5635 


2N5636 
2N5637 


ft errr 


2N5591 
2N5841 | 


2N5842 
2N5842 
2N5846 


~ 2N6255 


2N5847 
2N5849 


~- 2N5849 


2N5941 | 
2N5942 
2N5849 


2N5644 | 
2N5645 
2N5646 
2N6136 
2N6082 
2N6083 
2N6084 
2N6084 
2N6080 
2N6081 


2N4072 
2N4072 
2N4072 
MM4018 
MM4019 
2N6094 
2N6095 
2N6096- 


~” 2N6097 


MM4049 


Replacement 


Motorola 
Similar 


MRF1035MC 
MRF1090MC 
2N4959 


~ MRF905 
~ MRF905 


MRF905 
MRF905 


Replacement 


~ INDEX GROSS-REFERENCE (Continued) 


| Motorola =| 
Industry Direct ey 
Replacement | - 


Part Number | 


MMc4049 
MM4500 
MM5177 
MM8000 
~ MM8001 
_ MM8002 
~ MM8003 
MM8094 
MM8006 
MM8007 


MM8008 
~ MM8009 
MM8010 
-MM8011 
~ MM8012. 
 MM8020- 
~ MMB021 
MM8023 
MMBR536 
MMBR571 


MMC4049 
2N5583 


MM8000. 
MM8001 

2N5943 
MRF911 | 


2N5031 — 
2N5032 


2N5947 
2N5836 
2N5837 


MMBR536 
MMBR571 


- MMBR901 
MMBR911 

_ MMBR920 
MMBR930 
MMBR931 
MMBR941 
MMBR941L 
MMBR951 

MMBR9951L 

MMBR2060 


MMBR2857 

~ MMBR4957 
MMBR5031 
MMBR5179 
MO01011B150Y 
M0101 1B250Y 
MPN3404 

MPS536 

MPS571 

MPS901 


MPS911 
MPS1983 
MPS3866 

_ MR1011B150Y 
MR1011B300Y 
MRA1720-2 

~ MRA1720-5 
MRA1720-9 

_ MRA1720-20 

~ MRAL1720-2 


MRAL1720-5 
MRAL1720-9 
MRAL1720-20 | 
MRAL2023-1.5 
MRAL2023-1.5H | 

~~ MRAL2023-3 
MRAL2023-3H 

~ MRAL2023-6 


| MRAL2023-12 


MMBR901 
MMBR911 
MMBR920 
MMBR930 
MMBR931 
MMBR941 
MMBR941L 
MMBR951 

MMBR951L 
MMBR2060 


MMBR2857 


MMBR4957 
MMBR95031 
MMBR95179 


MPN3404 
MPS536 . 
MPS571 
MPS901 © 


MPS911 | 
MPS901 
MPS3866 


MRF2003M 


MRF2005M 
MRF2010M 


MRF2001M 


MRF2003M 


~ MRF905 - 


2 Motorola 
Similar 


MRF9177A 


MRF475 » 


MRF905 
MRF905 
MRF905 


2N5043 


| .MRF1150MC 
~ MRF1250M 


MRF1150MC 
MRF1250M 
MRF2003M 
MRF2005M 
MRF2010M 


MRF2016M 


MRF2016M 


MRF2001M 


MRF2003M 


MRF2010M 
MRF2010M 
MRF2016M 


Replacement: 


3.83 


3-173 


360 
3-924 


3-178 


| 3-178 


3-83 


| 3-561: 
3-528 
- 3-36 
3:36. 


3-799 | 
3-180 
3-799 

3-799 
3-97 


3-192 


| 3-198 


3-183 


321 | 

3-184 | 

3-185 
3-186 | 
3-809 

| 3-809 | 


3-811 
3-811 
3-187 


| 3-188 
3-199 


1-13 


_ MRF136 


~ MRF140 


| MRF150 
~ MRF153_ 


- MRF163 
 MRF171 


| MRF201 


~ MRF208 


| MRF223 


 MRF225 
| MRF226 
| MRF227 
| MRF229 

MRF230 


~ MRF237 


~ MRF245 
~ MRF248 


~ MRF264 


_ -MRF3I4A 


Industry 
Part Number = 


~ MRAL2023-12H | 
~ MRAL2023-18H 
-MRB12175YR 


MRB12350YR 
MRF134 © 


MRF136Y 
MRF137 
MRF138 


MRF148 


MRF 154 
MRF161 
MRF 162 


MRF 172 
MRF174 


MRF203 
MRF207 


MRF212 
MRF216 
MRF220 
MRF221 
MRF222 


MRF224 


MRF231 
MRF232 
MRF233 
MRF234 © 


MRF238 
MRF239 
MRF240 
MRF240A 
MRF243 © 


MRF247 


MRF260 


MRF261 
MRF262 — 


MRF305 
MRF306 
MRF309 
MRF313 
MRF313A 
MRF314 


MOTOROLA RF DEVICE DATA 


Motorola 
Direct 


MRF134 
MRF 136 
MRF136Y 
MRF 137 
MRF 138 - 


~MRF140 . 


MRF148 
MRF150- 
MRF153 
MRF154 
MRF161 
MRF162 
MRF163 
MRF171 
MRF172. 
MRF174 


2N6255 
MRF207 


-MRF208 


MRF212 
MRF216 
MRF220 
MRF221 


MRF224 © 


MRF226 
MRF227 
MRF229 


MRF232_ 
MRF233 
MRF234_ 


MRF237 
MRF238 
MRF239 
MRF240 
MRF240A 


MRF245 
MRF247 
MRF 248 - 


_ MRF260 


MRF 261 
MRF262 
MRF264 
MRF325 
2N6439 
MRF309 
MRF313 


MRF314 
MRF314A 


Replacement 


Motorola 
Similar 


Replacement - 


MRF2016M 
-MRF2016M 
~MRF1150MC 

MRF1325M 


| MRF245 


“MRF1946 
MRF1946 
MRF227 


- 2N4427 
2N6080 


MRF247_ 


~ MRF313 


3-898 
3-898 
3-850 
3-858 
~ 3-221 
3-229 


| 3-299 


3-239 
3-247 
3-252 


3-257 
3-262 
3-267 

— 3-273 


| 3-279 


3-287 
3-295 
3-303 
3-311 


| 3.319 


| | Motorola “Motorola Motorola Motorola 
Industry =|. Direct Similar Industry Direct Similar | 

| Part Number Replacement | © Replacement Page # Part Number ‘Replacement Replacement | - Page # 
MRF315 | ~ MRF315 MRF458 MRF458 3-514 
MRF315A _ MRFS815A | MRF458A MRF458A ~~ 3-511 
MRF316 MRF316 - MRF460 © MRF460 3-515 
MRF317 ~ MRF317 MRF464 MRF464 3-520 | 
MRF321 | MRF464A | MRF464A 3-520 | 
MBF303 MBra52 MRF466 | MRF466 3-524 
MRF325 | MRF3825 MRF475 MRF475 3-528 | 

i MRF326 MRF326 MRF476 MRF476 3-532. 

| MRF327 MRF327 | MRF477 MRF477 3-536 
MRF329 MRF329 — . MRF479 MRF479 3-540 
MRF331 MRF331 MRF485 | ~.MRF485 3-544 
MRF338 | MRF338° MRF486 | MRF486 3-548 

| MRF340 i MRF340 i MRF49? | MRF492 3-552 
MRF344 MRF344 MRF492A ~ MRF492A 3-552 
MRF390 MRF390 MRF497 MRF497 3-555 

~ MRF392 MRF392 MRF501 MRF501 3-559 
MRF393 © MRF393 . MRF502 MRF502 3-559 ~ 
MRF401 MRF401 MRF504 | MRF511 3-561 
MRF402 2N4427 MRF511 MRF511 3-561 
MRF406 MRF406 MRF515 MRF515 3-567 
MRF410 MRF410 MRF517 MRF517 3-571 
MRF410A MRF410A MRF519 | ~MRF517 ~ 3-571 
MRF412 . MRF412— MRF521 - MRF521 - ‘MRFC521 3-576 
MRF412A MRF454A ~ MRF522 » MRF522 3-576 
MRF415 2N6366 MRF524 | MRF524 - 3-5/6 
MRF416 | 2N6367 MRF825 MRF525 3-584 
MRF417 2N6368 — MRF526 MRF526 at 

~ MRF418 MRF460 - MRF531 MRF531 - 3-588 
MRF419 2N6370 3-457 MRF532 MRF532 — 
MRF420 MRF454 3-507 MRF534 MRF534 A173 
MRF421 MRF421 3-465 | MRF536 MRF536 3-173 

MBEADTMP MRF421MP 3-465 | MRF542 MRF542 3-590 

| MRF422 MRF422 3-469 MRF543 MRF543 3592 
MRF422MP MRF422MP 3-469 MRF544 © MRF544 3-594 
MRF426 - MRF426 3-473 _ MRF545 -MRF545 - 3-598 
MRF426A MRF426A 3-473 MRF546 MRF546 3-602 
MRF427 MRF427° 3-477 MRF547 MRF547 3-604 
MRF427A MRF427A 3-477 MRF548 ~ MRF548 3-590 
MRF428 MRF428 3-481 |. MRF549 MRF549 3-592 
MRF429 MRF429 3-485 | MRF553 MRF553 3-606 
MRF429MP MRF429MP 3-485. | | MRFSS5 | MRF555 3-611 
MRF430 MRF430 3-498 MRF557 MRF55/ . 3-615 
MRF432 MRF432 <_< MRF559 MRF559 © 3-620 
MRF433 MRF433 3-493 MRF571 MRF571 3-627 
MRF435 MRF422 3-469 MRF572 — MRF572 3-627 
MRF437 MRF437 — _ MRF9S73 ~ MRF573 — 
MRF437A MRF437A = MRF580 - MRF580 3-639 
MRF448 MRF448 © 3-495 MRF580A ~ MRF580A 3-639 
MRF449 | MRF449 - 3-499 MRF581 MRF581 3-639 
MRF449A MRF449A 3-499. MRF581A MRF581A 3-639 
MRF450 © MRF450 ~ 3-502 MRF586 MRF586 3-649 
MRF450A MRF450A 3-502 MRF587 MRF587 3-649 
MRF451 MRF453 : 3-505 | MRF601 2N6256 — 

~  MRF452 MRF453 3-505 MRF602 2N6136 ed 
MRF453 MRF453 3-505 _ MRF604 MRF604 3-660 
MRF453A MRF453A 3-505 MRF605 2N6439 . 3-125 © 
MRF454 | MRF454 3-507 ~ MRF606 ss oe MRF237 ~ 3-349 
MRF454A -MRF454A 3-507 | | MRF607. ~— | MRF6O7 3-663 
MRF455 MRF455° 3-509 MRF616 - MRF616 _ 

3-509 


MRF455A 


MRF455A 


MRF618 


| MRF641 


MOTOROLA RF DEVICE DATA 


1-14 


INUEX GHUSS-HEFEHRENLE (Continued) 


MRF1000MC 


MRF1000MC 


3-818 | 


MOTOROLA RF DEVICE DATA 


1-15 


MWA0204 


‘| Motorola _- Motorola | .. Motorola Motorola 
Industry |. Direct . Similar | industry Direct ~ — Similar —— | 
Replacement Replacement. Replacement Replacement 
~ MRF619 © MRF644 > 3-678 _ MRF1002MA MRF1002MA | 3-822 | 
~ MRF620 MRF644 3-678 MRF1002MB MRF1002MB 3-822 
MRF621 MRF646 “3-682 MRF1002MC MRF1002MC ~ 3-822: 
|. MRF626 © MRF626 pee . MRF1004MA MRF1004MA | 3-826 
| MRE627 . MRF627 — , 3-666 ~MRF1004MB MRF1004MB | 3-826: 
MRF628 Pigs, MRF559 | 3-620 MRF1004MC MRF1004MC i. — 3-826 
MRF629 MRF629 - oo itt, - MRF1008MA ~MRF1008MA . - 3-830 
- MRF630 MRF630 3-670 ~ MRF1008MB MRF1008MB 3-830 
MRF641 MRF641 3-674 MRF1008MC MRF1008MC 3-830 | 
~ MRF644 © MRF644 3-678 | MRF1015MA MRF1015MA 3-834 
~ MRF646 .MRF646 — 3-682 > MRFI015MB | MRF1015MB 3-834 
_ MRF648 MRF648 3-686 MRF1015MC MRF1015MC 3-834 | 
-MRF652 MRF652 ~ 3-690 MRF1035MA MRF1035MA. 3-838 
MRF653 MRF653 3-694" MRF1035MB MRF1035MB 3-838 
MRF654 MRF654 3-698 _ MRF1035MC _ MRF1035MC 3-838 
MRF660 MRF660 3-702 MRF1090MA -MRF1090MA 3-842. 
MRF750 _ MRF750 3-706 _ MRF1090MB- =|: ~. MRF1090MB 3-842 |: 
MRF752 MRF752 3-710 _ MRF1I090MC = |-~MRF1090MC 3-842 | 
~ MRF754 MRF754 3-714 MRF1150M MRF1150M 3-846 | |. 
~ MRF837 MRF837 3-718 MRF1150MA MRF1150MA 3-850 
MRF838 MRF838 3-724 _ MRF1150MB MRF1150MB 3-850 
MRF838A -MRF838A 3-724 ~ MRF1150MC MRF1150MC 3-850. 
MRF839 — MRF839 3-728 MRF1250M MRF1250M 3-854 
MRF839F MRF839F 3-728 MRF1325M MRF1325M 3-858 | 
~ MRF840 ~ MRF840 . 1. 3-734 MRF 1946 MRF 1946 3-862 
- MRF841 MRF841 . . 3-738 MRF1946A MRF 1946A 3-862 | 
MRF841F MRF841F © |. 3-738 MRF2001 MRF2001 3-866 
MRF842 MRF842 3-744 _ MRF2001B MRF2001B 3-866 
MRF843 MRF843 | 3-748 _ MRF2001M MRF2001M 3-870 
MRF843F MRF843F 3-748 MRF2003 MRF2003 3-874 
. MRF844 - MRF844 4 3-754 MRF2003B MRF2003B 3-874 
- MRF846 MRF846 3-757 MRF2003M MRF2003M 3-878 
| MRF848 ~ MRF848 | ~ 3-761 MRF2005 ~ MRF2005 - 3-882 
- MRF870 Para, MRF839 . 3-728 MRF2005B MRF2005B 3-882 
MRF870A MRF839 | : 3-728 MRF2005M MRF2005M 3-886. 
_ MRF873 - MRF873 - - 3-764 MRF2010 MRF2010 3-890 
-| MRF890 — - ‘MRF890 3-768 MRF2010B MRF2010B 3-890 
~  MRF891 --MRF891 — 3-772 MRF2010M MRF2010M 3-894 
_ .MRF892__ -MRF892- 3-716 MRF2016M MRF2016M 3-898 
MRF894 MRF894 | 3-780 MRF2369 MRF2369 3-902 
MRF898 -MRF898 3-784 MRF2628 MRF2628 3-907. 
MRFS901 - MRF901 3-788 MRF4070 MRF4070 3-911 
| MRF902 2N6603 3-129. MRF5174 MRF5174 3-915 
_ MRF904 » ~ MRF904 _ 3-794 MRF5175 MRF5175 3-918 
MRF905 ~ MRF905 3-799 MRF5176 MRF5176 : 3-921 
MRF911 MRF911 3-801 MRF5177A MRF5177A eos 3-924 
~ MRF912 2N6604 3-183 MRF5178 : 2N6439 3-125 
_ MRF914 MRF914 3-804 MRF5211,L MRF5211,L one? 3-576 
MRF931 MRF931 | | _ 3-807 MRF5/711,L MRF5711,L 3-927 
MRF941 ~ MRF941 MRFC941 3-809 MRF5812 MRF5812 3-931 
. MRF942 | MRF942 a 3-809 MRF8003 ~ MRF476 3-532 
MRF951 ~MRF951 MRFC951 3-811 MRF8004 MRF475 3-528 
MRF952 - MRF952 a 3-811 MRF8372 MRF8372 Be oy 3-936 
MRF961 MRF961 $147 MRF9011,L MRF9011,L 3-940 
MRF962 ~ MRF962 — 3-147 MRF9331 ,L MRF9331,L 3-944 
MRF965 ‘MRF965 . 3-147 MRF9411 _MRF9411 3-809 
MRF966 MRF966 | 3-813 MRF9411L MRF9411L 3-809. 
MRF1000MA MRF1000MA 3-818 MRF9511 MRF9511 3-811 
MRF1000MB -MRF1000MB 3-818 MRF9511L MRF9511L 3-811. 
MAS0204 4-98 


BEUEVae se WW Www Fife FE bo 2 8 ee SG (WVtiitiiwuUy 


Motorola Motorola ~ Motorola Motorola 
| Industry Direct Similar a Industry | Direct Similar 
|  PartNumber | — Replacement Replacement | Page # | _ Part Number Replacement Replacement 


3-948 


_ MSC1000M 


MRF1000MA/B 3-807 MXR3866 MXR3866 948 
MSC1002M MRF1002MA/B | + 3-822 MXR5160 MXR5160 3-949 
| MSC1004M MRF1004MA/B 3-896 | | MXRS5583 MXR5583 3-950 
| MSC1015M MRF1015MA/B | 3-834 MXR5943. = ||: MXR5943 
msc1035M =| MRF1035MA/B | | 3-838 NEO2107, = |_ MRF572 
| MSCIO75M | MRFIQQ0MA/B | 3-842 NE02108 po MRF573 
| mscio9omM | MRF1090MA/B | 3.840 NE02132 MPS571 3-198 
| MSC1I50M = | MRF1150MA/B 3-850 NE02133 MMBR571 3-198 
~ MSCi175¥ MRF1150MA/B 3-850 NE02135 MRF573 —_ 
MSC1250M MRF1250M 3-854 NE02137 MRF2369 3-902 
MSC1325M MRF1325M - 3-858 NE020214-12 MRF607 3-663 
MSC2001 MRF2001 3-866 NE020320-12 2N5944 3-90 
i wisc2003 = ts iRFoma 3874 | | NE020320-28 MRF331 3.422 
MSC2005 MRF2005 | 3-882 NE020620-07 2N5946 3-90 
MSC2010 MRF20I0 = [| 3800 | | NEO21020-12 2N5946 3-90 
MSC2302 | - MRF2003 3-874 NE021020-28 | MRF331 | 3-429 
MSC2304 MAF2005 3-882 NE022025-12 2N6081 3-104 
MSC2307 MRF2010 3-890 NE022025-28 MRF314A 3-382 
MSC82001 MRF2001 | 3-866 NE022526-12 --2N6082 3-107 
MSC82003 MRE2003 3874 NE024027-28 -MRF315A 3-386 
MSC82005 MRF2005 3-882 NE028029-12 | MRF247 7 3-355 
MSC82005M | MRF2005M 3-886 NE028029-28 -MRF316 3-390 
MSC82010 MRF2010 | 3-890 NE050214-12 | MRF629 | | _ 
MSC82012M | MRF2010M 3-804 NE050320-12 | 2N5944 3-90 
mscs2020M | MRF2016M 3.898 | | NE050490-07 MRF752 3-710 
MSC82201 MRF2001 3-866 | | NE050491-07 MRF752 3-710 
MSC82203 MRF2003 3-874 NE050690-07 MRF754 3714 
MSC82304M | MRF2005M 3-886 NE050691-07 | MRE754 3-714 
MSC82310M | MRF2010M 3-804 | | NE051020-28 | MRF321 | 3-398 
MSC82313M | MRF2016M 4-898 NE051025-12 2N5946 3-90 
MWA0204 MWA0204 4-98 NE051525-12 MRF654 3-698. 
MWAno+4 MWA0211,L 4.98 NE052025-28 MRF323 3-402 
| MWag270 MWA0270 4-98 NE080420-12 MRF839 3-728 
MWA110 MWA110 4-104 NE21935 MRF573 _ 
| MWA110H MWA110H 4-104 NE21937 _MRF571 3-627 
 MWA120 MWA120 4-104 | | NE22120 ~ MRF587 3-649 
MWA120H MWA120H 404 | | NE24615 -MRF586 3-649 | 
MWA130 MWA130 4-104 NE24620. MRF587- 3-649 | 
MWA130H MWA130H 4-104 | | NE32702 2N6604 3-133. | 
MWA210 MWA210 4-112 NE32707 2N6604 3-133: | 
MWA210H MWA210H 4-112 NE41603 | MRFQ62- 3-447 
MWA220 MWA220 4-112 NE41607 ‘MRF962- 3-147 
MWA220H MWA220H 4-112 NE41610 MRF965 3-147 
MWA230 MWA230 AA NE41612 | -MRF965- 3-147 
MWA230H MWA230H 4-112 NE41615 MRF965 3-147 
MWA310 MWA310 4-120 NE41620 MRE587 3-649 
MWA310H MWA310H 4-120 NE41635- ‘MRF962 3-147 
MWA320 MWA320 4:120 NE57510 _ MRF586 3-649 
MWA320H -MWA320H 4-120 | | NE57520 MRF587 3-649 
MWA330 MWA330 4-120 NE57803 MRF572 3-627 
MWA330H MWA330H 4-120 NE57807 MRF572 | 3-627 
MWAS5121 MWAS121 4-128 NE57808 an MRF573 _ 
MWA5157 MWAS157 4-132 NE57835 MRF573 - _ 
MX7.5 MHW709 — NE59312 MM4049 —— 3-173 
MX12 MHW7i0 sdf = NE59335 ‘MRF536 3-173 
MX15 MHW710 _ NE59503 -MRF581 3-649 
MXx20 MHW720A Sa — NE64310 : MRF586 3-649 
MXR100_ MXR100. _ NE64320 | MRF587 3-649 
MXR571 MXR571 3-198 NE68132 _ MPS571 3-198 
3-211 


MXR911 


MXR911 


-NE68133 
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| Motorola Motorola | Motorola Motorola 
Industry | — Direct Similar | _ Industry Direct Similar | 
Replacement Replacement — _ Replacement Replacement 
NE68135 a MRF573 — PH2020C MRF2016M 3-898 
NE68137 MRF5/1 3-627 PH2301H MRF2001 3-866 
NE/73412 MRF914 3-804 PH2303H MRF2005 3-882 
NE73432 MPS911 3-211 PH2306H 'MRF2010 3-890 
NE73433 MMBR911 | 3-211 PH8193 i MRF905 3-799 
NE73435  2N6604 3-133 PHA3317-1 MHW3171 4-51 
NE/3437 MRF911 3-801 PHA3317-2 MHW3172 4-51 
NE74014 MRF586. 3-649 ~ PHA3318-1 MHW3181 . 4-53 
NE74020 ” MRF587. 3-649 PHA3318-2 MHW3182 4-53 
NE74113 MRF586 _ 3-649 PHA3334-2 MHW3342 4-57 
NE74114 MRF586 3-649 PHA4517-1 _ MHW5S171 — 
NE77320 MRF587 3-649 PHA4517-2 MHW5172 — 
NE85632 MPS571 3-198 PHA4518-1 MHW5181 — 
NE85633 MMBR95/1 3-198 PHA4518-2 MHW5182 . 
_NE85637 | MRF5/1 | 3-627 PHA4534 MHW5342 _— 
NE88912 MM4049 | 3-173 PHAS018-1 MHW6181 4-90 
NE88933 MMBR536 : 3-192 PHAS018-2 MHW6182 4-90 
NELO80120-24 MRF890 3-768 PHAS034 MHW6342F | 4-96 
NEM020C29-28 | MRF317/ 3-394 PKB20010U MRF2010 3-890 
NEM050C€29-28 | MRF327 3-414 PKB23001U ~ MRF2001 3-866 
NEM054029-12 | MRF646 3-682 PKB23003U MRF2003 3-874 
~ NEM054029-28 | MRF325 3-406 PKB23005U . MRF2005 3-882 
NEM056029-12 | MRF648 3-686 PME04030U MRF325 3-406 
NEM056029-28 | MRF309 3-378 PT3501 | 2N4427 3-23 
NEM080481E-12 | MRF839F 3-728 PT3502 2N5635 3-915 
NEM081081B-12 | MRF840 — 3-734 PT3503 2N5589 a 
NEM081081E-12 | MRF873 3-764 PT3535 2N4427 i 3-23 
NEM082081B-12 | MRF842 3-744 PT3536 MRF553 3-606 
NEM084081B-12 | MRF844 3-754 PT3537 2N5944 3-90 
NEM085081B-12 | MRF846 3-757 PT35/0 2N5947 3-97 
NEM092081B-28 |. MRF892 3-776 PT35/1 2N5943 3-83 
NEM094081B-28 | MRF894 7 3-780 PT3971A 2N5943 3-83 
NEM2010B-20 -MRF2016M (3-898 PT3690 2N5641 3-64 
NEM2305B-20 MRF2010M 3-894 PT4537 2N5944 3-90 
PEE0015U MRF323 3-402 PT4544 MRF226 3-327 
PEE0020U MRF323 3-402 PT4595 _ MRF234 3-345 
PEEQ035U Pek MRF5177A 3-924 PT4556 | ~ MRF450 3-502 
PH0105-100 MRF393 3-446 PT4570 2N5947 3-97 
PH0401H MRFS174 3-915 PT4572A 2N5947 3-97 
PH0403H MRF5175 3-918 PT4574 MRF511 3-561 
PHO406H : MRF5175 3-918 PT4578 MRF9517 3-971 
PH0412H MRF321 | 3-398 PT4579 2N5943 alan 3-83 
PH0425H bsg MRF5177A — 3-924 PT5695 MRF233 3-341 
PHO0450D -2N6439 eh S120 PT5701 MRF402 3-23 
PH0450H 2N6439 3-125 PT5/40 2N5590 - = 
PHO501H MRFS174 3-915 PT5741 MRF449A i 3-499 
PHO503H | MRF5175 3-918 PT5788 - MRF464A 3-520 
PHOS06H MRF331 | 3-422 PT6665A. MRF464 3-920 
PH0512H MRF331 3-422 PT8549 2N5589 = 
PH0525H MRF325 3-406 PT8551 2N3553 3-8 
PH0550H 2N6439 3-425 PT8554A MRF492A 3-552 
PH1100C MRF1150MC 3-850 | PT8717 MRF231 3-101 
PH1100H MRF 1150MC — 3-850 PT8740 MRF225 3-329 
PH1110C MRF1015MC 3-834 PT8769 ne MRF 233 3-341 
PH1150C. MRF 1090MC 3-842 PT8809 _ 2N5944 3-90 
PH1175 | MRF1150MC 3-850 PT8809S. MRF616 | — 
PH2001C MRF2001M 3-870 PT8810 2N5945 | 3-90 
MRF2003M 3-878 | PT8811 | .2N5946 | 3-90 
005C MRF2005M 3-886 } PT8825 | 2N6136 » 
MRF2010M 3-894 PT8828A 


PH2010C MRF226 3-327 
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Industry | 
|  PartNumber | 


Motorola 
Similar 


Motorola | Motorola’ 
Direct Similar 
Replacement 


| | Motorola 
Industry Direct 
Part Number | Replacement 


Replacement 


MRF317 


$10-12 


Replacement 


PT8837 2N6081 3-104 PT9783 MRF466 3-524 
PT8838 PT9783A MRF466 3-524 
PT8850 : | PT9784 MRF492 3-552 
PT8850A | 2N5847 PT9784A | MRF492A 3-552 | 
PT8851 MRF221 PT9785 MRF421 | 3-465 | 
PTB8S1A 1 MRF233 PT9787 MRF410 3-457 | 
PT8852 MRF22? PT9787A MRF410A | 3-457 
| PT8852A | 2N6082 PT9788 MRF401 3-450 
PT8853 MRF224 PT9788A MRF401 3-450 
PT8853A 2N6084 PT9790 MRF428 3-481 
PT8854 _MRF492 PT9795 MRF222 3-862 
i PT8854A MRF492A PT9795A MRF233 3-341 
t pTEREo | 2NAAD7 | PT9796 MRF222 3-862 
PT8861 MRF220 PT9796A 2N6083 3-110 
PT8861A 2N5589 PT9797 MRF450 3-502 
PT8862 MRF222 PT9797A MRF450A 7 3-502 
PT8862A MRF233 PT9847 MRF421 3-465 
PT8863 MRF222 PTE081 MRF890 | 3-786 
PT8863A MRF234 R47M10 MHW709 — 
PT8864 | MRF223 R47M13 MHW710 nat 
PT8864A 2N6083 R47M15 MHW710 _ 
| PT8865 MRF492 RF14 MRF455A 3-509 
PT8865A MRF492A RF15 MRF455 3-509 
PT8866 MRF237 RF16 MRF455A 3-509 
PT8870 MRF220 RF23 MRF224 : . 3-113 
PT8870A 2N6081 RF25 MRF453 3-505 
PT8871 MRF616 | RF35 MRF453A | 3-505 
PT8871A 2N5944 - RF45 MRF453 | 3-505 
PT8873 © MRF221 3-104 RF46 MRF222 — 3-862 
PT8873A 2N6081 3-104 RF47 2N5847 3-104 
PT8873F MRF221 3-104 RF48 2N6082 3-107 
PToor4 MAP ee4 3-113 RF49 ; 2N6084 3-113 
| PT8874A | 2N6084 3-113 RF85 MRF454 3-507 
PT8874F MRF224 3-113 RF105 MRF421 3-465 
PT8877 | MRF237 3-349 RF110 | _MRF421 3-465 
PT8880 _ MRF517 3-571 RF221 MRF221 3-104 
PT8881 MRF616 — RF260 | MRF260 3-362 
PT8881A 2N5944 3-90 RF264 ~ MRF264 3-374 
PT8889 .. MRF526 — | | RF1003 MRF221 3-104 
PT9073B MRF321 om 3-398 _ RF1004 MRF223 3-862 
PT9700 MRF5174 3 | 3-915 | RF2081 MRF216 — 
PT9701 MRF5175 63-918 | RF2092 MRF460 3-515 
PT9701B MRF5175 3-918 | RF2123 MRF238 ; — 
PT9702 a MRF323 3-402 RF2125 | _ MRF450 3-502 
PT9702B MRF323 3-402 RF2127 MRF245 — 
PT9703 MRF331 3-49) RF2135 MRF223 3-862 
PT9704 MRF5177A 3-924 | RF2142 2N6367 . 3-493 
PT9704A MRF5177A 3-924 | | . RF2143 ) MRF454 3-507 
PT9704B MRF5177A 3-924 | RF2144 MRF224 3-113 
- PT9730 2N5641 3-64 RF2146 MRF476 3-532 
PT9731 MRF314A | 3-382 RF2147 ~MRF475 3-528 
PT9732 2N5641 3-64 S-AU3 MHW720-1 4-22 
PT9733 MRF315A 3-386 S-AU4 MHW720-1 4-22 
PT9734 | MRF314A 3-382 S-AU6H MHW710-3 4-18 
PT9776 MRF492 3-552 S-AU6L MHW710-1 4-18 
PT9776A MRF492A 3-552 | S-AU6M MHW710-2 4-18 
PT9780 MRF464 3-520 | S-AU7 MHW820-1 4-40. 
PT9780A MRF464A 3-520 S-AU11 MHW806A3 4-37 
PT9782_ MRF317 3-394 | S-AU12 MHW806-1 4-34 
PT9782A 3-394 MRF433 


MOTOROLA RF DEVICE DATA 


1-18 . 


INDEX CROSS-REFERENCE (Continued) 


| | Motorola Motorola a igs © Motorola Motorola | 
Industry a Direct Similar : ; Industry — Direct Similar 
Part Number | — Replacement Replacement Page # | Part Number | Replacement _ Replacement | _ Page 


S10-28 MRF410 3-457 SD1133-1 :  MRF212 = 
S15-12 | MRF433 3-493 SD1134 2N5944 prose 
S15-28 | |. MRF410 | 3-457 SD1134-1 Soa MRF227 
S15-50 7 MRF427 3-477 $D1135 MRF652 | 
S25-12 MRF449 | _ 3-499 SD1136 2N5946 
$25-50 | MRF427. 3-477 SD1143 MRF212 
$30-28 | ~MRF426 3-473 SD1143-1 MRF221 
$50-12 : _MRF450 3-502 SD1147 MRF5175 
$50-28 ~ -MRF464 3-520 SD1148 MRF321 
S80-12 ~MRF454 3-507 SD1149 MRF323. 
S100-12 MRF421 : 3-465 SD1166 MRF403 
S100-28 ~ MRF422 3-469 SD1167 ~2N5847 

— §100-50 MRF428 3-481 SD1168 2N5848 
S175-28 * MRF422 3-469 SD1169 2N5849 
S175-50 : E MRF428 3-481 SD1174 — 2N6255 
S200-50 MRF448 ee | 3-495 — §D1177 | 2N5589 
S250-50 - MRF448 3-495 SD1200 2N3866 | 
SD 1005 2N5947 3.97 SD1212-4 _-MRF476 
SD1006 2N5943 3-83 | SD1212-7 MRF475 | 
SD1007-1 MRF511 3-561 SD1214-4 MRF475 
SD1012 2N5590 — SD1214-6 MRF479_ 
SD1012-3 MRF220. _ SD1216 2N5591 
SD1013 ~ 2N5642 7 | 3-67 SD1218 MRF209 

— §D1013-3 : 2N5642 3-67 SD1220-1 2N5641 
SD1014-1 | MRF221 3-104 SD1222-5 2N5642 
SD1014-6 MRF221 3-104 SD1222-6 2N5642 
SD1015 MRF314A 3-382 SD1224-2 MRF315 
SD1018-4 MRF224 3-113 SD 1224-4 ~-MRF466 
SD 1018-6 MRF224 3-113 SD 1224-10 | MRF426 
SD1018-15 MRF224 3-113 / §D1229 2N6083 : 
SD1019 MRF317 3-394 SD 1229-1 MRF222 
SD1019 © 2N6166 | 3-116 SD1232 MRF517 se 
SD1020 | 2N4427 3-23 SD 1242-5 2N5641 
SD 1020-6 MRF313 3-380 SD1244-6 2N5642 
SD 1020-7 MRF313 3-380 SD1245 ~MRF321 
SD1021 MRF212 —. SD1256 2N5589_~ 
SD1022 MRF1946A 3-862 SD1262 MRF226 _ _— 
SD1074 MRF453 3-505 SD 1272 ? MRF1946A 
SD1076 MRF454 | 3-507 SD1273 MRF240 
SD1077 | ~ MRF475 3-528 SD1274 MRF1946A 
SD1078 MRF464 3-520 SD1274-1 MRF1946 
SD 1080 _ MRF207 ~ —$D1275 MRF240 
SD 1080-2 MRF628 3-620 SD1278 eas 
SD 1080-4 MRF604 3-660 SD1285 MRF406 
SD 1080-6 MRF627 3-666 SD1288 MRF453A 
SD 1080-7 MRF626 ae -$D1289 MRF453 

~ §$D1087 MRF641 - 3-674 ~ §D1290 | 

~ $D1088 MRF644 . 3-678 | | SD1295 MRF421 
SD1089 MRF646 - 3-682 $1299 MRF326 

— $D1095 MRF840 3-734 SD1300 - BFY90 
SD1096 MRF842 3-744 SD1301 BYF90 
SD 1098 MRF844 3-754 SD1303 2N6304 
SD1099 MRF846 3-757 SD 1308 MRF905 
SD1115-4 MRF607 3-663 SD1309 2N2857 
SD1124 MRF245 ao SD1315 ‘MRF511 
SD1127 MRF237 3-349 SD1316 MRE586 
SD1131 | _ MRF629 ie SD1317 MRF587 
SD1132-4 MRF750 3-706 | SD1330 MRF572 : 
SD1132-5. MRF838 | 3-724 $0133! MRF571 
SD1133 MRF212 — 


$D1333 


BFR96 
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SD 1334 
SD1347-7 
SD1375 
SD1377 
$01400-3 
Sn14nt 
SD1403 © 
SD 1404 
SD1405 


9D1407 
9D1407-8 
SDi4i0 
SD1410-3 
$D1414 
$D1411-1 
SD1412 
9D1412-3 
SD1414 
SD1415 


SD1416 
$D1418 
9D1421 
$D1422 
$D1424 
$D1425 » 
$D1427 
$D1428 
9D1429 
$D1429-3 


$D1433 
$D1438 
9D1438-2 
$D1444 
$D1446 
5D1449 
SD1450 
$D1451 
$D1451-1 


$D1452 
SD1461 
SD1462 
5D1464 
9D1465 
SD1466 
$D1467 
5D1468 
9D1469 
5D1480 


$D1482 


5D1484-10 


SD 1485-3 
SD 1487 
SD1488 
SD1496 
SD1496-3 
SD1499 
SD1499-1 
SD1510 


Industry : 
/ ~ Part Number - 


Motorola 
Direct 
Replacement 


MRF580 
MRF402 
2N4957 


MRFRQ2 
MRF894 
MRF428 


MRF427 
MRF492 


MRF842 


-MRF842 


MRF216 
MRF247 
MRF844 
MRF644 
MRF449A | 


MRF243 


~ MRF216 


MRF641 
MRF653 
MREG46 
MRE629. 


MRF421 
MRE422 


MRF453 
MRF458 


MRF326 


MRF604 
MRF421 


MRF338 
MRF648 


~ Motorola 


Similar 


MRF1035MA/B 


Replacement 


3-639 
3-23 
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Industry 
Part Number . - 


SD1511 
SD1512 
$D1513 
SD1514 
$D1520 
SD1522 
SD 1522-2 
SD1522-4 
SD1524 
SD1526 


5D1528 
9D1530 
9D 1532 
5D 1534 
5D1536 
$D1538 
SD1540 
5D1544 
$D1545 
5D1574 


SD1575 
SD15/7 


— TANS 


TAN7/5 
TAN150H 
TAN250A 
T00204-125 
TCC0105-100 
TH20 

TH416 


TH417 
TH430 
TH476 
TH478 
TH480 
THS13 
TH518 
TH519 
TH525 


TH526 


3-2/7 

MRF1000MA/B } 3-818 
| 3-776 

MRF892 3-776 
3-780 

3-481 

3-477 

3-552 

MRF435 3-469 
MRF435 3-469 
MIRF841 3-738 
MRF840 3-734 
~MRF842 3-744 
3-744 

‘MRF842 3-744 
3-744 

MRF846 3-75/ 
| -_ 3-355 
MRF842 3-744 
3-754 

3-678 

3-499 

MRF475 3-628 
3-355 

MRF641 3-674 
3-674 

3-694 

3-682 

MRF316 - 3-390 
MRF317 — 3-394 
MRF492_ 3-552 
3-465 

3-469 

MRF453 3-505 
3-505 

7 3-511 | 

~ MRF313 3-380 
MRF313 - 3-380 
MRF325 3-406 
MRF5177A 3-924 
MRF326 3-410 
3-410 

MRF327 3-414 

~ MRF328 — 
MRF317 3-394 
MRF752 3-710 
3-660 

MRF894 3-780 
% 3-465 
MRF646 3-682 
MRF898 | 3-784 
MRF898 3-784 
3-426 
3-686 

3-838 


1-20. 


TH532 
TH550 
TH552 
TH553 
TH562 
TH569 
TH571 
TH1002 
TH1005 
TH1010 


TH2001 — 
TH2003 
TH2005 
THA13 
THA15 
THA3 
THB13 
THB94 
THY94 
TP312 


Motorola 
Direct 


MRF COOMA 


MRE 1000MA | 


MRF1002MA 


MRF1035MA 
MRF1090MA 
MRF1150MA 
MRF1325M 
MRF260 
MRF262 
MRF264 
MRF392 


MRF422 


MRF 448 


MRF428 


MRF323 


~ MRFS177A 


MRF321 
MRF323. 


MRF437 
MRF426 
MRF2003 
MRF2005 
MRF2010 


MRF2001 
MRF2003 
MRF2005 
MRF426A 
MRF429 

MRF314A 


MRF315 
MRF315A 


Replacement — 


; Motorola 
Similar 


MRF1035MA/B 
MRF1090MA/B 
MRF1090MA/B | 
MRF1150MA/B 


MRF1004MA 
MRF1008MA 


MRF1035MA 
MRF1090MA 
MRF1090MA 


MRF2001M 
MRF2003M 


MRF1015MC 
MRF1090MC 
MRF1150MC 
MRF1250M 


MARF209 


Wildl wwe, 


MRF430 


MRF422 
MRF5174 
MRF321 
MRF321 


MRF426A 
2N6439 


MRF325 


MRF331 


MRF448 


MRF426A 


| BERQS 


Replacement 


3-838 | 
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Motorola Motorola : | | 
Industry Direct Similar. 
Part Number Replacement | Replacement | Page # : 


TP390 BFW92A | 3-156 
TP393 BFR91 3-142 
TP3a4 = sds MRF580 | | 3-639 
TP491 BFR91 3-142 
TPM4040 MRF390 3-438 
TPM4100 | MRF392 3-442 
TPM4130 MRF392 3-442 
TPR10 | MRF1015MB 3-834 
TPRS50 | MRF1090MB 3-842 
TPR150 MRF1150MB 3-850 
TRF559 MRF559 3-620 
TRW2001 MRF2001 3-866 
TRW2003 MRF2003 3-874 
TRW2005 MRF2005 3-882 
TRW2010 =| MRF2010 3-890 
TRW2015 MRF2016M | 3-898 
TSP150 MRF1150MC 3-850 
TSP350 MRF1325M 3-858 
129401 | MWA110 | 4-104 
1z9402 MWA120 | 4-104 
129403 7 MWA230 } 4-112 
729404 MWA230 4-112 
UMIL1 | MRF313 3-380 
UMIL3 | MRF5174 3-915 
UMIL5 MRF331 3-422 
UMIL5FT MRF161 3-279 
UMIL10 MRF321 3-398 
UMIL20FT MRF163 3-295 
UMIL25 MRF325 3-406 | 
UMIL-60 2N6439 | 3-125 
UMIL-70 MRF327 3-414 : 
UMIL-100 MRF329 3-418 
UMIL-100A MRF329 3-418 
UMOB-45 MRF646 3-682 
UMOB-55 MRF648 | 3-686 
VAM-40 2N5643 3-70 
VAM-80 2N6166 3-116 
VAM-120 MRF317 3-304 
VMIL-50 MRF464 3-520 
VMIL-100 MRF317 | 3-394 
VMIL20FT MRF137 3-239 
VMIL40FT MRF171 3-303 
VMIL60FT MRF172 3-311 
VMILB0FT MRF172 3-311 
VMIL120FT MRF174 3-319 
VMOB-70 MRF247 3-355 
996 | 2N6603 3-129 
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Page # 
RF Power TMOS FETs | 
1.5—150 MHz HF/SSB FETS... .. 2... .0. 00 ccc eee ees 2-3 
2-200 MHz VHF AM/FM FETS............ 0.00 ec eee ec eee eee e as 2-3 
2—400 MHz UHF AM/FM FETS.......... 0.00. ccc ccc eet tenes 2-3 
RF Power Bipolar Transistors 
HF 
1.5-GO MHZ, AF/SSB «1... ee, Lee eee eee teenies 2-4 
14-30 MHz, CB/Amateur...................0005 eee eee eee 2-4 
27-50 MHz, Low-Band FM...............06. eee eee eeeee vee 25 
VHF | _ 7 | 
30-200 MHz, VHF AM/FM ......... eee eee eens wena 25 
. 66-88 MHz, Midband FM.......... re ne 0) 
136-174 MHz, High-Band/VHF FM.............. eee e nee eee 26 
225 MHz, Amateur FM............. 00000. cee eee eee eee eee eee 26 
UHF | 7 | | 
100-400 MHz, AM/FM........ 0.0... 00 ccc eee eee teee OT 
100-500 MHz, AM/FM............ 0.00 eee ees 1. 2-7 
407-512 MHz, UHF FM........... 0.000 cc eee eee 2-7 
800 MHz 
806-960 MHz, FM........... 0.0.0 eee ween 2-8 
Microwave . . . 
L-Band Pulsed Power ............ eee ee eee ee eae 2-9 
1.7-2.3 GHz Broadband CW........ eee ee eee eee eens 2-10 
2 GHz Narrowband CW... 1.0... 2 eee eee 2-10 
RF Small-Signal Transistors 
Selection by Package ....... 0.0... c ccc eee ee eee ee eens 2-11 
Plastic SOE Case. .... 0... eet teen nee 2-11 
Ceramic SOE Case .. 0... eee nee eens 2-12 
Métal C4MS 1. ee nee eee ee ee eee nes 2-13 
Low-Noise Transistors............... eee eee ee ete eee e eee 2-14 
CATV, MATV, and Class A Linear Transistors. .... 0.0.0.0... 0000s 2-15 
High-Speed Switches. ......... 0.0... eee eee 2-16 
UHF and Microwave Oscillators .......... 0.00. eee 2-16 
High Reliability (MIL) Transistors ...... eee ee eee ee 2-16 
Complementary DeviceS .......... 0.0.00 ce eee eens ase. 2-16 
Tuning and Switching Diodes 
Tuning Diodes, Abrupt Junction ........ 0.0.0... 00 cee eee re 2-17 
General-Purpose, GlaSS....... 0.00... ccc ee eee eens 2-17 
General-Purpose, Plastic. ..... ed eb eee beeen cnet eee nes 2-18 
High Capacitance. ... 0.0... 0... eee eee nee es 2-19 
Dual Diodes ............ 0.00. cee eee eee ee ee anes beens 2-19 
Tuning Diodes Hyper-Abrupt Junction ....... 0.0.0... 0. eee 2-20 
Hot-Carrier (Schottky) DiodeS..... 0.0.0.0... cc eee 2-21 
PIN Switching Diodes ........... 0... ccc ccc ee eee eens 2-21 
Hybrid Amplifiers | 
Land Mobile Hybrid Power Amplifiers 
407-512 MHz, UHF FM............ eee eee eens 2-22 
806-960 MHz, UHF FM ...... 0... cee eens 2-22 
CATV Distribution Hybrid Amplifiers _ 
Forward Amplifiers to 40 Channels — 330 MHz...................0.. .. 2°23 
Forward Amplifiers to 60 Channels — 450 MHz..................00005. 2-23 
Forward Amplifiers to 77 Channels — 550 MHz....................0040. 2-24 
Reverse Amplifiers... 0.0.0.0... ccc ccc eee eee een n eens 2-24 
450/550 MHz Power Doubling............. 0.0.00 0c cece eae ees eee 2-24 
450 MHz Feed Forward............ 00. ccc eee eee eee ene eens 2-24 
General Purpose Wideband Amplifiers | 
50 0-100 eee eee een eee ne bees 2-25 
-o) ORO I © 6° 2-25 
Lo) OKO at ho Ik © 2-25 


50 Q Monolithic Microwave Integrated Circuits 
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Power Transistors 


AFA Power TMOS FETs 


CASE 211-07 


(-380" FLANGE) | (nob FLANGE) Motorola RF Power MOSFETs, (trademark TMOS), 
7 - ... are constructed using a planar process to enhance 
CASE 244-04 -.., manufacturing repeatability. They are N-channel field 


(.280” STUD) ~ effect transistors with an oxide insulated gate which 


controls vertical current flow. 

Compared with bipolar transistors, RF Power FETs 
exhibit higher gain, higher input impedance, enhanced 
thermal stability and lower noise. The FETs listed in 
this section are specified for operation in RF Power — 

CASE 368-01 -° Amplifiers and are grouped by frequency range of op- 
(HOG PAC) _ eration and type of application. Arrangement within _ 
each group is by order of first voltage then increasing _ 
output power. | 


1.5—-1 50 MHz HF/SSB FETs 7 
For military and commercial HF/SSB fixed, mobile, and marine transmitters. Data shown is for an operating frequency of. 


30 MHz. . . 
Typical iMD 


: Map Ds 
Output Power |  Input.Power ypi _ . 
Device Watts Watts i d3dB.. .. dy74 dB Package | 


Vpp = 28 Volts 


Vpp = 50 Volts 


MRF 148 
MRF150 
MRF 153. 
MRF 154 


2-200 MHz VHF AM/FM FETs 
For VHF military and commercial aircraft radio transmitters. Data shown is for an operating-frequency of 150 MHz. 


Pout Pin Gps , n 
Output Power Input Power Minimum Minimum 
Device Watts Gain dB Efficiency % Package 


Vpp = 28 Volts 


MRF 134 
MRF136 
MRF136Y 
MRF 137. 
MRF171 
MRF172 
MRF174 


2-400 MHz UHF AM/FM FETs 


For VHF/UHF military and commercial aircraft radio transmitters. Data shown is for an operating frequency of 400 MHz. 
Vpp = 28 Volts 


MRF 161. 
MRF 162 
MRF163 
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Bipolar Power RF Transistors 


1.5-—30 MHz, HF/SSB TRANSISTORS 
Designed for broadband operation, these devices feature specified Intermodulation Distortion at rated power output, Applications 
include mobile, marine, fixed station, and amateur HF/SSB equipment, operating from 12.5, 13.6, 28 or 50 volt supplies. Data 

shown is for an operating frequency of 30 MHz. . 


| Pin 
input Power 
Watts 


GpE 
Power Gain 


Output Power 


Device Package 


Vec = 12.5 or 13.6 Volts _ one: 
MRF476 fo 3 PEP/CW a TO-220 
7 12PEP/ICW |. . a — TO-220 
12.5 PEP/CW . . 211-07 
15 PEP/CW. . TO-220CE 
20 PEP/CW 4. li 211-07 


40 PEP/CW 211-11 
40 PEP/CW oo 25. TO-220CE 
_ 70 PEP/CW : 211-11 
MRF421 100 PEP/CW _ 211-11 


Vcc = 28 Volts 


MRF410 ss 40 PEP/CW 
MRF410A 10 PEP/CW 
MRF485 -. 15.PEP/CW 
_ MRF4014 | 25 PEP/CW - 
MRF426 | 25 PEP/CW 
MRF426A ode 25 PEP/CW 


MRF466 | 40 PEP/CW 


MRF486 


MRF464_- 
MRF464A . 


MRF422 
MRF435 


Vcc = 50 Volts 


MRF427 


MRF427A 


MRF437 


MRF437A 


MRF428 
MRF429 
MRF448 
MRF430 


40 PEP/CW 
80 PEP/CW 
80 PEP/CW 
150 PEP/CW 
150. PEP/CW 


25 PEP/CW 
25 PEP/CW 
25 PEP/CW 
25 PEP/CW 
150 PEP/CW 
150 PEP/CW 
250 PEP/CW 
600 PEP/CW 


14-30 MHz, CB/AMATEUR TRANSISTORS. : 
These HF transistors are designed for economical, high-volume use in CW, AM and SSB applications. Gains shown are for 
operating frequencies of 30 Mrz. 

Vcc = 12.5 or 13.6 Volts 


MRF476 
MRF475 
MRF449/MRF449A 
~ MRF450 
MRF450A 
MRF453/MRF453A 
MRF455 
MRF455A 
MRF454 
MRF454A 
~ MRF458/MRF458A 


TO-220 
TO-220 
211-07/145A-09 
211-09 
145A-09 
211-11/145A-10 
211-07 
145A-09 
211-11 
145A-10 
211-11/145A-10 


i 
AAAHHWhAQT T 
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27-50 MHz, LOW-BAND FM TRANSISTORS 
For use in the FM “Low-Band,” for Mobile communications. Gains shown are for operating frequencies of 50 MHz. 


- Pout | Pin  Gpe | 


Output Power _. Input Power Power Gain 
Watts Watts dB Min Package 


Voc = 12.5 or 13.6 Volts 


MRF402 | rn 0.1 | | TO-39 

MRF475 0. — TO-220_- 
MRF497 | 7 TO-220CE 
MAF492 5 7 hee 


VHF Transistors 
30-200 MHz VHF AM/FM TRANSISTORS 
Designed for Military Radio and Commercial Aircraft VHF bands, these 28-volt devices include the all-gold metallized MRF314/ 


15/16/17 high-reliability series. Gains shown are for various frequencies of operation .in the VHF band. Consult data sheets for 
specific detail. 


Pout ~ Pin - GPE 
Output Power Input Power Power Gain | 
Device Watts Watts | ~dBMin Package > 


Vcc = 28 Volts 


2N3553 
2N5641 
MRF340 
2N5642 
MRF342 
MRF314 
MRF314A 
2N5643 
MRF315 © 
MRF315A _— 
MRF344 
MRF316 (1) 
MRF317 (1) 


66-88 MHz, MIDBAND FM TRANSISTORS 


Power output chains up to 25 watts output are obtainable in the international VHF FM “Mid- Band” for which these transistors 
are optimized. Gains shown are for operating frequencies of 90 MHz. 


Pout Pin GPE - 
Output Power Input Power Power Gain OS . 
dB Min Package. = 
Vec = 12.5 Volts | | 


MRF229 
MRF232 
MRF233 
MRF234 


(1) Internal Impedance Matched 
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VHF TRANSISTORS (continued) 


136- 174 MHz, HIGH-BAND/VHF FM TRANSISTORS 
The “workhorse” VHF FM High-Band is served by Motorola with the broadest range of devices and package combinations in 
the industry. All gains shown are for operating frequencies of 175 MHz. 


| .. Pout Pin GPE 
| Output Power Input Power Power Gain 
Device Watts GB Win Package 


Vec = 12.5 Volts 


2N4427 1 04 10 TO-39 
MRF604 1 0.1 10 TO-46 
MRF553 1.5 0.11 11.5 317D-01 

| MRF6O7 1.75 0.12 44.5 TO-39 
2N5589 3 0.44 8.2 144B-05 
2N6255 3 0.5 7.8 TO-39 
2N6080 4 0.25 12 145A-09 
MRF220 4 0.25 12 211-07 
MRF237 4 0.25 12 TO-39CE 
MRF260 5 0.5 10 | TO-220CE 
2N5590 10 . 3 5.2 145A-09 
MRF212 10 1.25 a) 145A-09 
MRF261 | 10 3 - 5.2 TO-220CE. 
2N6081 ; |: Se 3.5 6.3 | _  145A-09. - 
MRF221 © _ 15 35  — 6.3 211-07 
MRF262 . 15 . (3.5 - 6.3 TO-220CE | 
MRF2628 . 15 0.95 - 42 244-04 
2N5591 25. 9 . (44 145A-09 
2N6082 . rs) 6 «6.2 145A-09 
- 2N6083 30 8.4 5.7 ~ 145A-09 
MRF238 30 3.7 9 145A-09 
MRF239 30 3 10 1454-09 
MRF264 - 30 TO-220CE 
MRF1946 30 211-07 
MRF1946A 30 145A-09 
2N6084 145A-09 
MRFO24 211-07 
MRF240 145A-09 _ 
MRF4070 (1) . 316-01 
MRF247 (1) 316-01 


MRF248 (1) Se ait 


225 MHz, AMATEUR FM TRANSISTORS 


Specifically designed and characterized for the 225 MHz band, these devices eliminate the qucsework required when adapting 
175 MHz characterized devices to this application. Gains shown are for operating frequencies of 225 Miz: 


Pout Pin GpE 


a “Output Power . | Input Power zi Power Gain : 
Device Watts _ Watts. dB Min Package 


Voc = 12.5 Volts 


MRF207 
MRF225 * 
MRF227 


MRF208 - 
MRF226 


(1) Internal Impedance Matched’ 
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UHF Transistors 


100-400 MHz, AM/FM TRANSISTORS 

Stringent requirements of the UHF Military band are met by MRF325, 326, 327, 329, 331 and 2N6439 types, with all-gold metal 
systems, specified ruggedness and programmed wirebond construction, to assure consistent input impedances for internally 
matched parts. Hi-Rel versions of Ines transistors are available upon eee Gains shown are for operating negnences of 
400 MHz. 


Pout ~ Pin  Gpe 


: ' Output Power _ Input Power | Power Gain 
Device - Watts _ Watts — ‘dB Min Package 


Vcc = 28 Volts 


MRF525 “20, TO-39CE 
2N3866__ 0) TO-39_ 
2N5160 (1) | TO-39 | 
MRF5174 0. . 244-04 — 
MRF331 1. 244-04 ~ 
MRF325 (2) Oy ae 316-01 
MRF5177A 7, | 145A-09 
MRF326 (2) . 7 -3 2 316-01. 
MRF309 (2) 7 | nee | 316-01 
2N6439 (2) ! 316-01 | 
MRF390 (3) © 744-02 
316-01 
333-03 
744A-01 © 


100- 500 MHz, AM/FM TRANSISTORS 
Similar to the 100—400 MWz transistors, these devices have bandwidth capabilities allowing their use to 500 MHz. All have 
nitride passivated die, gold metal systems, specified ruggedness and controlled wireband construction to meet the stringent 
requirements of military space applications. Hi-Rel versions are available upon request. Gains shown are at a frequency of 400 
MHz unless otherwise noted. 
Pout Pin GPE 
Output Power Input Power Power Gain ae 
_ Watts dB Min Package 


Vcc = 28 V 


MRF313 
MRF321 
MRF323 
MRF338 (2) (4) 
MRF393 (3) (5) 


407-512 MHz, UHF FM TRANSISTORS ; 
Higher power output devices in this UHF power transistor series feature varerciy'e input-matched construction, are designed for 
broadband operation, and have guaranteed ruggedness under output mismatch and RF overdrive conditions. Devices are 
specified for handheld, mobile and base station operation. Gains shown are for an operating frequency of 470 MHz. 
Pout Pin GpE 
Output Power Input Power Power Gain . 
Watts Watts - dB Min Package 


Vcc = 7.5 Volts 


MRF750 
MRF752__ 


MRF754 © 


(1) PNP 

(2) Internal Impedance Matched. 

(3) Internal Impedance Matched Push-Pull Transistors. 
(4) Gain specified at 470 MHz 

(5) Gain specified at 500 MHz. 
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UHF TRANSISTORS (continued) 


407-512 MHz, UHF FM TRANSISTORS (continued) 
Pout | Pin 


Output Power input Power 


GPE 
Power Gain 


Device Watts Watts 


Vec= 5 Volts 


dB Min 


Package 


MHEG62/ 0.05 
MRES81 (1) 0.023 
MRF515 0.75 0.12 
2N5644 1 0.2 
MRF555 1.5 0.15 
2N5944 2 0.25 

| MRF629 — 2 0.32 
iMRFE3O 3 0.33 
2N5945 4 0.64 8 244-04 
MRF652 (2) 5 0.5 10 244-04 
MRF660. 7 2 5.4 TO-220CE 
2N5946 . 10 2.5 6 244-04 
MRF653 (2) 10 2 7 244-04 
MRF641 (4) | 15 2.5 7.8 316-01 
MRF654 (4) 15 2.5 7.8 244-04 
MRF644 (4) 25 5.9 6.2 316-01 
MRF646 (4) 40 13.3 4.8 316-01 
MRF648 (4) 60 22 4.4 316-01 


800 MHz Transistors 
806—960 MHz, FM TRANSISTORS 


Designed specifically for the 800 MHz mobile radio band, types MRF840 through 846 offer superior gain and ‘ uggedaees using 
the unique CS-12 package, which minimizes common-element impedance, and thus maximizes gain and stability. Devices are 
listed for mobile and base station applications. Gains shown are for an operating frequency of 870 MHz, unless otherwise noted. 


Vcc = 12.5 Volts 


MRF559 0.5 317-01 
MRF581 (1) 0.6 317-01 
MRF837 0.75 317-01 
MRF8372 0.75 751-02 
MRF838. 1 305A-01 
MRF838A 1 305-01 
MRF557 1.5 317D-01 
MRF839 | 3 305A-01 
MRF839A 3 305-01 
MRF839F 3 319-04 
MRF841 (3) 5 244-04CB 
MRF841F 5 319-04CB 
MRF840 (3) 10 319-04CB | 
MRF843 (3) 15 244-04CB 
MRF843F | 15 319-04 
MRF873 : 15 319-04 
MRF842 (3) 7 20 319-04CB 
MRF844 (3) 30 319-04CB 
MRF846 (3) 40 319-04CB 
MRF848 (3) 60 333A-01CB 


Vec = 24 Volts 


MRF890 (4) 
MRF891 (4) 
MRF892 (3) (4) 
MRF894 (3) (4) 
MRF8ge (3) (4) 


(1) Typical gain. Part specified as small-signal transistor at 500 MHz. (3) Internal impedance matched. 
(2) Gain at 512 MHz. (4) Gain specified at 900 MHz. 
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Microwave Transistors 


L-BAND PULSED POWER : 
These products are designed to operate in short pulse width, 10 us, low duty cycle, 1%, power amplifiers operating in the 960 
to 1215 MHz band. All devices have internal impedance matching. The. prime application is avionics equipment for distance 
measuring (DME), area navigation (TACAN) and interrogation (IFF). All devices offered with hermetic option. 
_ Pout Pin Gpe 
Output Power Input Power Power Gain 
Watts Watts Package 


Vcc = 18 Volts 


MRF1000MA (1) 
MRF1000MB (1) 
MRF1000MC (1) 


Pout 
Output Power Input Power Power Gain 


Watts dB Min | Package 


Vec = 35 Volts 


MRF1002MA 
MRF1002MB 
MRF1002MC 
MRF1004MA 


MRF1004MB 
MRF1004MC 
MRF1008MA 
MRF1008MB 
MRF1008MC 


oaoaowor BR APD NY DP 


Vcc = 50 Volts 


MRF1015MA 
MRF1015MB 
MRF1015MC 
MRF1035MA 
MRF1035MB 
MRF1035MC 
MRF1090MA 
MRF1090MB. 
MRF1090MC 
MRF1150M 

MRF1150MA 
MRF1150MB 
MRF1150MC 
MRF1250M 

MRF1325M 


(1) Class A, Common Emitter 
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MICROWAVE TRANSISTORS (continued) 


1.7—2.3 GHz BROADBAND CW 
The MRF2000M Series of transistors have internal input impedance matching networks which facilitate broadband circuit designs 
in the 1.7 to 2.3 GHz telecommunications band. The devices are designed for Class B and C common base amplifier applications. 


| = Pout Pin Gps 
Output Power Input Power Power Gain 
Device Watts Watts dB Min Package | 


Vec = 24 Volts 


MRF2001M 
MRF2003M 
MRF2005M 
MRF2010M 


MRFZ01 vi 


2 GHz NARROWBAND CW 
The MRF2000 Series of NPN Silicon microwave power transistors are designed for common base service in amplifier or oscillator 
applications in the 1 to 2.3 GHz frequency range. 


Pout Pin  GpBg 


: Output Power Input Power Power Gain 
Device Watts dB Min Package 


Vcc = 28 Volts 


MRF2001: 
MRF2001B 
MRF2003 
MRF2003B 
MRF2005 
MRF2005B 
MRF2010 
MRF2010B 


anwoa- = 


—+ — 
ome) 


RF Smali-Signal Transistors amelie 
. — Transistor Gain 
selection by Package _Characteristics 
In small-signal RF applications, the package style is often Curve numbers apply to transistors 
determined by the end application or circuit construction tech- listed in the subsequent tables. 


nique. To aid the circuit designer in device selection, the Mo- 
torola broad range of RF small-signal amplifier transistors is 
organized by package. Devices for specific applications such 7 
as oscillators or switches are grouped in the appropriate suc- 
ceeding tables. These devices are NPN polarity unless 
otherwise designated. 


eit er 
pf 


bee 
| 
rann 


N 


= 

acl 
SLY. 
Anta 

WL 


. 
Pe 
es 
CNS 
a 
ei 
Viva 


fr, GAIN BANDWIDTH PRODUCT (GHz) 


A oa 


0.1 1 25 5 10 15 20 30 50 75 100 150 
Ic, COLLECTOR CURRENT (mA) 
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PLASTIC SOE CASE 


Gain-Bandwidth 


GHz ic 


[hee Fone [ean [Mir anos 
Typ mA 


lo Pr 
mA mw 
Case 317-01 — MACRO-X 


rwnrseriy | «2 [| — | a8 [wooo | [wo [| 7] mw 
Danese) [6 [a [ae as mo 10 00 [to a 
perso Pe fe ee ee 
= _ 


V(BR)CEO 
Volts 


Device 


MRF931 
MRF961 
MRF2369 


ae, 
te 
[wrt | 5 | 
i 
45 | 5 
_é | 4 


Piano [eis [te | a0 16 oo [|| 
Ce a cscs 

pverocs [as | «| 30 | 6 | S00 

: = [wo [| ao 

)PNP = (2) Common Base Configuration. 7 ' (continued) 
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SELECTION BY PACKAGE (continued) 


PLASTIC SOE CASE 


[Noise Figure [Gain [Maximum Ratings 
NF @ 


MMBR4957 (1) 
MMBR5031 


MRF5711. 
MRF9011 1 


— 
— 
ers) [a | a 
s [0 | 
ef | 
Pueessr fs fa 


MXR571 
MXR91 1 
MXR3866 


MRF5812 7 200 
| MRF8372 200 
Case 29-02, TO-226AA 


Turse) | 5 |» [| w | as | oo | w | wo | wo | w | om 
pwrssrs [Te fe [oe fe foe fe fom [ef |e 
purse; fas [os [re [es [ow [ee | oo a0 ees 
rwssees [oe | [1p — | 


CERAMIC SOE CASE 
Case 144D-06 


awe is [es es fe Tm Pe Pa [To 


Case 244A-01 


oa 


MRF587 


(1)PNP = (2) Common Base Configuration. 
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CERAMIC SOE CASE ea 


Ic Pr 
mA mW 
Case 303-01 


fanecos | se [|e | as [wo [ [mo] we] @ [my 
ravesoe | ss | a | | | veo | 0 | tom | te] so | 00 
[wresooc) | 42 [| #0] — | 95 | tooo | 1 [tooo [10 | so | cao 
banesre [8 [we [2 | oo | ooo [0 
pwrroe as [oo [wf om [oo freee oo [is [0 | 


Case 358-01 | 


V(BR)CEO 
Volts 


Device 


BFY90 
MM4049 (1 


aso Ts Te t+ fate Ta 
en fare [ps oe fons 
purrs rose] 3 [ee [7 [4 Too 
MRF544 

MRF545 (1 1.2 apa a =e 

Pures [aso fw [a |] pa 


(1) PNP (2) Typical 
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Low-Noise Transistors 


The Small-Signal devices listed are designed for low noise and high gain amplifier mixer, and multiplier applications. Each 
transistor type is available in various packages. Polarity is NPN unless otherwise noted. 


Case : _— Curve Number 


MRF571 | MRF581 MRF901 MRF911 MRF961 MRF536_ 


MRFS72 


2N6604 


AARAR RANI | 
tw vue 


Whiwveawe & 


MXR571 | MXR100 | — 
SOT-143 MRFS5711 = 


MMERS 


36 


- | 
ao) 
: @ 
=>) 
© 
S 
Gain . 
and = = 
Noise Figure 5 = °g 
- versus = ooo Lan 
| s) ee =i 
Frequency S —— 3B 
= ol 2 us 
: 4 S 
~ 1 ~ 
a0 Ea 9= 
0.15 02 03 0.4 06 08 1 152 


f, FREQUENCY (GHz) 
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CATV, MATV, and Class A Linear Transistors 


For Class A linear CATV/MATV applications. Listed according to increasing gain-bandwidth (fT). 


Nominal Test 
Conditions fr 
VceIc MHz 
Volts/mA Typ 


Distortion Specifications 


Typ/Freq.. | 


Device . dB/MHz. 


BFR91 


MRF581 10/75 
MRF58iA | 40/75 
‘MRF5812 | 10/75 


+50 
+50 
+50 
+50 


Pwarso [as | 000 [asa fT 
Pwarsoe [as | veo | amo | | 
Tarr | veneo [vo [Yd 
Tans [ ano | 1400 | ae | | 
Tienes [vaso [1400 [sano | wo [| 
wena ay [sora [ 1600 [i 
Tamersi7 | as | 100 | aso | <i 
Tansios | ta60 | 1500 | azco fs 
avssoe [sno | 1000 | amo] +S : 
Tarese | 1050 [soo [aso [| +d 
Taree [sos [soo | as0o[ | —~«dY| 
Twresee [soso [soo | asoo [| 
i ee Seer Lee: 
ee ee ce 
Cwresera [1076 nen ee ae 
075 1 ee ee 
Se 


‘MRF587 15/90 5500 52 


(1) PNP 
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High-Speed Switches 


The transistors listed below are for use as high-frequency current-mode switches. They are also suitable for RF amplifier and 
oscillator applications. The devices are listed in ascending order of collector current. These devices are NPN polarity unless 
otherwise designated. | | | | | 


i | ~ Test 

| Conditions iT tp Cc 

| | iC/VCE | 7 MHz ps ! 
Device mA/Vots Min Max Package 


| 10-725 


2N5943 ~ 80/15 ~ 1200 5.5 (2) | TO-39 


UHF and Microwave Oscillators 


The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of 
limited range transmitters. Devices are listed in order of increasing output power. © | . 


_MXR3866— 
) 


é. SOT-89 


(1)PNP (2) Typical 
High Reliability ey : Complementary 
(MIL) Transistors | Devices — | 


The listed devices are active per QPL-19500 (Qualified The transistor complements listed are suitable for most 


Products List). For detailed specification, see indicated applications requiring NPN and PNP devices of similar RF 
page #. characteristics. Special matching of complementary transis- 


| Device | Page # |. JAN — utx | uTxv | vANS | tors is available upon request. See indicated pages for 


specifications. 


2N2857 X 
2N3553 X 
2N3866 X 
[3c ; wen [ruse [pwr [rae 

2N3960 X 2N2857 210 2N4958 210 
2N4957 X 2N3866 203 2N5160 203 
2N5109 X 2N5943 210 2N5583 210 
2N6603 X MRF904 210 MM4049 210 

X 


2N6604 MRF571 MRF521 208 
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Tuning and 
Switching Diodes 


Tuning Diodes 
Abrupt Junction 


Voltage variable capacitance diodes for electronic tuning 
and control of RF circuits through UHF frequencies. Utilized 
for television tuning and AFC circuits. _ oo | 
| TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


a 4 
iz = ti 
= so CLIPS 
= e EEE 
= = = sam 
S &  CoCcHeSth 
a re He | 
ee a : SO 
x = Mi a 
| A. & ao = —= 
7 = 
“ie . 
TE FEET] 
Bilm 
06 1 2 4 6 10 20 40 60 ; 

Vp, REVERSE VOLTAGE (VOLTS) Vr, REVERSE VOLTAGE (VOLTS) 
General-Purpose : 7 | 
Glass oe = 

Premium 30 V 


@ HighQ . @ General-Purpose 
@ Capacitance TOL 
10% — No Suffix 


5% — Suffix A - 


@ High Q 
® Controlled CR 

®@ Capacitance TOL 

10% — A, 5% — B, 2% -C. 


e@ Very High Q 
® Guaranteed High CR 

@ Capacitance TOL 

10% — A, 5% — B, 2% —.. 


Maximum Working Voltage - 
30 Volts 
| Cap Cap 


20 Volts 


re?) 
ro) 
< 
a 
a 


CASE 51-02 | Cap Q 
DO-204AA Ratio @4V Device Ratio Device 
(DO-7) C4/C60 | 50 MHz Type Type Type 
Min a : Min Min i 
6.8 1N5139,A 1N5461A 1N5441A | 2 | 300 | Mvt620 
1N5140,A 550 | 1N5463A 1N5443A 300 | mMv1624 


300 MV1626 


250 MV1628 
250 MV1630 


~. 550 | 1N5464A 1N5444A 
550. | 1N5465A 1N5445A 


Al 27 
| 28 
Al 28 | 
insiaia | 28 | 
. 

500 IN5446A 
zoe 
| 29 
| 29 
| 29 
| 29 

2.9 


1N5142,A 


. 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


350 
300 
300 
250 
250 
200 
200 
200 
200 
200 


Capacitance —— 
oF 1N5144,A | 500 | 1N5468A | 26 | 350 | 1N5448A 250 | MV1634 
i 1N5469A 1N5449A 200 | Mv1636 
Va=4V 1N5146,A 1N5470A: 1N5450A 200 | Mvi638 
f = 1 MHz 1N5147,A | 1NS451A | 200 | MV1640 


1N5452A 
1N5453A 


1N5145,A° | 
1N5148,A 


ol 
ee 


= 
: oO 
Oo 


“MOTOROLA RF DEVICE DATA 


2-17 


TUNING DIODES — ABRUPT JUNCTION (continued) 


General-Purpose 
Plastic 
CASE 182-02 | © Low-Cost @ Lower Cost | @ Low-Cost — 
(ee S32) > | =) ¢ Goncral Purpose e High Volume 


oe PO nigh Voume 
IF STAC 
Maximum Working Voitage 


ss CASE 182-02 a CASE 318-02 
2-Lead TO-92 TO-236AA 
CASE 218-02 K Cap | o ed 
(TO-236AA) A > Ratio @4V ges a Device 
nc C2/C30 | 50 MHz C1/C10 | 50 MHz | Aono, 
ius Min | Min Reser 
6.8 —mv2io1 | 1.9 MV2201. 400 | MMBV2101 


<a 
2.5 


aso wveree [ 
—- 
Pe | | 25 | 300 | MMBVv2106 
— 
150 


8.2 | 
[10 | 
120 
, 15 
T 18 
Nominal 
Capacitance 
ae 
ao [el as 
A 2.5 


MV2106 
MV2110 


rss [a6 | 50] ware | 
rae [26 | 100 | ward 
Poo [26 | 100) wars 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 


. =| 
. < 
TG 
@ 


i mBest 
MV2115 

LT sayoo15 cr 

Ly 


i 
i 
Sas 
= 
— 
— 
= 


[AA 


ry TT FI = 
PTT 
et ot ae 
MV2105 il 
MMBV2105 
Ley 


Cy, DIODE CAPACITANCE (pF) 
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High Capacitance 


CASE 146-01 / | MAXIMUM WORKING VOLTAGE 
DO-204AB_ / — — | — 
(DO-14) _/ 7 20Volts | | 


| Case 182-02 (TO-92) CASE 146-01, DO-204AB (DO-14) 


.. Ratio 
C2/C20 


Nominal 
Capacitance 


*C2/C15 **Maximum Working Voltage 15 V 


TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


1000 a se 
600 —— ee 
ae an el aL = 
ides —S—__] pnt S| 13 
So FT 3 
— co 
: ERS 7 
S eee eaey 3 
5 ++} v2301 — MV2303 — MV2305 ail 
Ea 


4 6 8 10 20 


1 2 4 6 8 0 2 


1 2 
Vp, REVERSE VOLTAGE (VOLTS) aS ae ce Vp, REVERSE VOLTAGE (VOLTS) - 
Dual Diodes | | : TYPICAL CHARACTERISTICS 
CASE 31 8-03 Diode Capacitance versus Reverse Voltage 
TO-236AB ° High Q 7 Ee RSE RO 
@ Guaranteed Capacitance Seen 
K Range ae 
BS fe | @ Monolithic Dual | asd 
, = KY CASE 29-02 Beas 
A TO-226AA Pea 


— (TO-92) 


: Cr Capacitance 
___PF a VR Type 
| Min | Max | Volts 


2.5 
100 


(1)Case 29 (2)Case 318 *C2/C8 Vp, REVERSE VOLTAGE (VOLTS) 


Maximum Working Voltage 
382 Volts 


Device 


Cy, DIODE CAPACITANCE (pF) 
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Tuning Diodes Hyper-Abrupt Junction 


For FM Radio 


and TV @ High Q . 
K/A e Guaranteed eae 
A i j .. Range 
yee : ‘ | Maximum Working Voltage 
CASE 318-02 CASE 182- oe 
iTO.F4G AA) i¥03)} 


30 Volts 


PN NSF 


i re AA 


- Device - 


*Case 318 **Case 182 


For AM Radio 


CASE 182-02 
OTe @ High Capacitance Ratio 
a ® Guaranteed Diode Capacitance _ 


@ Close Matching 


ieee Q @ 1 Vde, 1 MHz = 150 (Min) 
VR=1V, f=1 MHz 


Device 
Type 


Ratio @ Va 


Min * os 


MVAM108 


a 


For High Capacitance and High Reliability Applications 


100% Screening to High Rel electrical and environmental 
specifications, H suffix. 


CASE 146-01 » 
DO-204AB 
(DO-14) | 


_| ® Hyper-Abrupt 
_° | @ High Tuning Ratio 
CASE 51-02 . 


®@ High Rel — Suffix H - 
DO-204AA Maximum Working Voltage 
*(DO-7) ; 
12. Volts _ 
oe Nominal copter Cap . Device Type 


Ratio 
c2/c1 0 


= 
Tivos |_| 
Cwvieos |_| 
Paves 
A aa 


"+15% ~- (1)Gap Ratio @ C1/C10 V 


Cy, DIODE CAPACITANCE (pF) - 


Cr, CAPACITANCE (pF) 


TYPICAL CHARACTERISTICS 


_ Diode Capacitance versus Reverse Voltage 


é 4 RAIS 


io OF WHY 


Cy, DIODE CAPACITANCE (pF) 


Pat 


es ee 
> es a es ene 


20 (ee ice MVAM1 08 
10 eee eee 
18 


VR, REVERSE VOLTAGE (VOLTS) 


22 


= 
r 


UM EL PVT) 


Vp, REVERSE VOLTAGE (VOLTS) 
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Hot-Carrier (Schottky) Diodes 


_ CASE 318-02 


Hot-Carrier diodes are ideal for VHF and UHF mixer and STYLE 8: STYLE 11: STYLE 19: 
icati l : K PIN 1. ANODE PIN 1. ANODE PIN 1. CATHODE 
detector applications as well as many higher frequency ap : one eMOpes- 2 GPaNODE 
plications. They provide stable electrical characteristics by ence ano eo 3, CATHODE 3. CATHODE! 3 CATHODE! 
eliminating the point-contact diode presently used in many ANODE =. ANODE 
applications. { x A 3 _ | 
CASE 318-02 TYPICAL CHARACTERISTICS 


_ Capacitance versus Reverse Voltage 


‘ Device 


. Es | eS 
Type. ee | [ | i > | 
| Ta = 25°C 
0.9 mepio + 
. | lg MMBD101 | 
= MMBD352* 
po | o6 | 20 | 3 | manor |g, oe 
2 fn as [woe 
06 4) -, 
: ies 
. . Vp, REVERSE VOLTAGE (VOLTS) 
CASE of 8, STYLE 8 eae: i | 
(22S esse 


DUAL DIODES, CASE 318, STYLE 11*, STYLE 19** . 


MBD201, MMBD201 


ai 7 | 25°C 
2 pf - - 
cs (mal —— 


C, CAPACITANCE (pF) 


MBD501, MMBD501 
MBD701, MMBD701 


0 5 10 15 20 2. 30 3 40 45 50 
Vp, REVERSE VOLTAGE (VOLTS} 


PIN Switching Diodes 


seas designed for VHF band switching and general-purpose 
switching. 


Rs 
IF = 10 mAdc 


1 > 
I 

INO 

oi 

fe) 


f = 100 MHz Device 


Ohms 


CASE 182, STYLE 1 


CASE 318, STYLE 8 . 


Cy, DIODE CAPACITANCE (pF) 


MMBV3700 


Vp, REVERSE VOLTAGE (VOLTS) 
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Hybrid Amplifiers 
Land Mobile Hybrid Power Amplifiers 
The advantages of small size, reproducibility and overall power levels and gain, with guaranteed performance speci- 


lower cost become more pronounced with increasing fre- fications for bandwidth, stability and ruggedness. 
quency of operation. These modules offer a wide range in ; | 


i ee 
Pout | Pin i Gp Vec 
Cuiput Power input Power Frequency Power Gain Supply Voltage 

Device Watts Watts MHz dB Min Volts Package 
-MHW709-1 7.5 0.1 400-440 12.5 ; 700-03 
MHW/709-2 7.5 0.1 440-470 12.5 700-03 
MHW/709-3 15 0.1 470-512 12.5 700-03 
MHW?710-1 | 13 0.15 400-440 12.5 | 700-03 | 
MHW710-2 13 0.15 440-470 12.5 -700-03 
MHW710-3 13 0.15 470-512 12.5 _ 700-03 
MHW720-1 20 . 0.15 400-440 12.5 700-03 
MHW720-2 20 0.15 440-470 12.5 700-03 
MHW720A1 (1) 20 0.15 400-440 12.5 - 700-03 
MHW720A2 (1) 20 0.15 440-470 12.5 700-03 
MHW725-1 (1)* 25 0.15 400-440 12.5 301D-01 
MHW725-2 (1)* 25 0.15 440-470 12.5 301D-01 
MHW725-3 (1)* 25 0.15 470-512 12.5 301D-01 © 


806-960 MHz, UHF FM MODULES 


MHW802-1 825-845 
MHW802-2 ~ 890-915 
MHW806-1 820-850 
MHW806-2 806-870 
MHW806-3 | 890-915 
MHW806-4 870-960 
MHWS806A11 (1)* 820-850 
MHW806A2 (1)* 806-870 
MHW806A3 (1)* 890-915 
MHWS806A4 (1)* 870~—960 
MHW806A5 (1)* ; 820-850 
MHW806A6 (1)* 806-870 
MHW806A7 (1)* 890-915 
MHW806A8 (1)* 870-960 
MHW812A1 (1)* 806-870 
MHW812A2 (1)* 806-890 
MHW812A3 (1)* 870—960 
MHW820-1 806-870 
MHW820-2 _ 806-890 
MHW820-3 870-950 


(1) Designed for Wide Range Poyt Level Control 
*To be introduced 
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CATV Distribution Hybrid Amplifiers 


Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system 
performance and polepny These hybrids have been optimized to provide premiag performance in all CATV systems up to 77 | 
channels. 


HYBRIDS UP TO 40 CHANNELS AND 330 MHz (Case 714-03) 


Maximum Distortion Specifications 


Composite Cross 
Ha Beat inert 


Hybrid 2nd Order 
Gain Channel Test 
(Nominal) Loading (1) 
dB Capacity dB 


MHW1121 
MHW1122 
MHW3171 
MHW3172 
MHW3181 
MHW3182 
MHW3222 
MHW3272A 
MHW3342 
MHW3382A 


Composite ~ Cross 


Hybrid pean Order ee Beat a 


Gain Channel Test 
(Nominal) Loading | (2) 
Capacity | dB 
MHW5122 
MHW5141A 
MHW5142 
MHW5142A ° 
MHW5171 
MHW5171A 
MHW5172 
MHW5172A 
MHW5181. 
MHW5181A 
MHW5182 
MHW5182A 
MHW5222 
MHW5222A 
MHW5272A 
MHW5342 
MHW5342A . 
MHW5382 
MHW5382A 


(1) Channels (2 and 13) @ R 
(2) Channels (2 and M13) @ M22 


Jol Z| x~jolZ 


oO 
on 


Jala] lo]o] 
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HYBRIDS UP TO 77 CHANNELS AND 550 MHz (Case 714-03) 


Maximum Distortion Specifications / F 
Noise 


. Composite Cross Figure 
Hybrid eae zie ag Triple Beat Modulation -@ 550 Miz 
oes es a a dB _aB 4B 
[_pevice | 8B | Gapaaty renee 
MHW6141 14 | if -56 —59 7.5 
MHW6142 | 14 7 —62 8.5 
MHW6171 (17 77 —59 6 
MHW6172 17 77 —62 6.5 
MHW6181 18 77 —59 7 
MHW6182 18 77 —62 8 
MHW6222 22 | 77 —57 7 
MHW6342 84 re — 59 6.5 


Noise 


Cross _ 


Hybrid ‘Composite Figure 
Gain “Channel ba Beat Rae | @ ee MHz 
(Nominal) Loading 
Device 


Capacity 


MHW1134 
MHW1184 
MHW1224 
MHW1244 


Maximum Distortion Specifications 


Noise 
Figure 
@ 450/550 MHz 


Cross | 
tet a 


Composite 
ia Beat 


Channel and Order 
Loading Test 


_Capacty ae 


60 +46 ~74(3 _65 
77 +46 ~67 (1 


Composite — Cross _ Figure 
Triple Beat Modulation @ 450 MHz 
dB qa dB. 


Hybrid é 
~ Gain Channel 2nd Order 
_..| (Nominal) — Loading - Test 
Device wabecity 


MHW4524F | 


1) Channels (2 and M30) @ M39 
2) Typical 

3) Channels (2 and M13) @ M22 |. 
4) 


( 
} 
(4) Channels (2 and A) @ 7 
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General-Purpose Wideband Hybrid Amplifiers 


50 0-100 O WIDEBAND AMPLIFIERS (Case 714-03) 
The general purpose hybrid amplifiers listed are for broadband system applications requiring superior gain and current stability 
with temperature. The 50 to 100 ohm input and output impedances help simplify designs. | 


Frequency i -|- Qutput Level Noise Figure 3 
Range 1 dB Compresson ; @ 250 MHz 
Device MHz Mi mW/f (MHz) dB 


MHW591 34.5/36.5 700/100 


MHW593 33/34.5 ; 600/200 
MHW590 31.5/34 800/200 
MHW592 33.5/35 900/100 


50 (2 TO-39 (Case 31A-01) 

The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain 
lineups. Construction techniques include thin film gold metal circuitry and hermetic TO-39 package. MWA devices processed 
similarly to MIL-S-883, Method 5004.4, Class B, are available to special order. 


Frequency i Supply Output Level _ Noise Figure 
Range Voltage 1 dB Compresson @ 250 MHz 
Device MHz . i Vdc dBm dB 


MWA110 
MWA120 


MWA130 


MWA210 
MWA220 
MWA230 
MWA310 
MWA320 
MWA330 


0.1-400 
0.1-—400 
0.1~—400 
0.1-600 
0.1-—600 
0.1—600 
0.1—1000 
0.1-1000 


~ 0.1-1000 


50 0-75 © WIDEBAND AMPLIFIERS (Case 790-01) 
The Case 790-01 amplifiers feature high gain with low noise, low input and output VSWR and excellent gain flatness to 1 GHz. 
Three amplifier stages are constructed using SOT-23 packaged devices mounted on thick film circuit substrates. 

Frequency in Supply Output Level Noise Figure 


Range Voltage 1 dB Compresson @ 250 MHz 
Device MHz Vde dBm dB 


50 © Monolithic Microwave Integrated Circuits 
These monolithic amplifiers are fully cascadable and usable to frequencies over 3 GHz. External blocking capacitors are required 
along with an external bias resistor. Hermetic versions are available to special order in Case 303-01. 


Frequency i Supply Output Level Noise Figure 
1 dB Compresson @ 1500 MHz 


Range Voltage 
MHz Typ @ 1 GHz Vdc dBm Typ | db 


(Case 317-01) 


(Case 318A-02) 


{ 
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Transistors 3 


MOTOROLA 


@ SEMICONDUCI. yy 


TECHNICAL DATA 


/-2N2857 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. .. designed primarily for use in high-gain, low-noise amplifier, oscil- 
‘lator, and mixer applications. Can also be used in UHF converter 


applications. 


@® High Current-Gain—Bandwidth Product — 
f7 = 1.6 GHz (Typ) @ Ic = 8.0 mAdc 


® Low Collector-Base Time Constant — 
fb Cc = 15 ps (Max) @ Ie = 2.0 mAdc 


@ Characterized with Scattering Parameters 


@ lIdeal for Micro-Power Applications 


*MAXIMUM RATINGS 


Emitter-Base Voitage 
Collector Current — Continuous 


Total Device Dissipation @ T a = 25°C 
Derate above 25°C 


Storage Temperature Range 


* indicates JEDEC Registered Data. 


300 mw 
1.72 mw/°c 


3-2 


NPN SILICON 
RF SMALL-SIGNAL 
TRANSISTORS 


SEATING 
PLANE 


STYLE 10 
PINT. EMITTER 
2. BASE 
3. COLLECTOR 


Na : 
on SES ones 
| MIN | MAX | MIN | MAX | 
| a | 531 | 584 | 0.209 | | 0.230 | 
|B | 4.52 | 495 | 0.178 | 0.195 | 
| Cf | 4.32 | 5.33 | 0.170 | 0.210 | 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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*ELECTRICAL CHARACTERISTICS (Ta = 259°C unless otherwise noted) 


Symbol ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage** - co 
(I¢ = 3.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage ; Mescal 
(Ic = 1.0 wAde, Ie = 0) | 


Emitter-Base Breakdown Voltage # V(BR)EBO 
(ie = 10 Adc, Ic = 0) 

Collector Cutoff Current o pAdc 
(Vcp = 15 Vdc, Ie = 0) . . a | OF 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product (0) 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 100 MHz) 
Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 
Small-Signal Current Gain 
(l¢ = 2.0 mAdc, VcgE = 6.0 Vde, f = 1.0 kHz) 
Collector-Base Time Constant 
(Ie = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.9 MHz) 
Noise Figure (Figure 1) | 
(Ig =0.1 mAdc, VcE = 1.0 Vde, Rg = 50 ohms, f= 450 MHz) @ 
(Ic = 1.5 mAdc, VcgE = 6.0 Vdc, Rs = 50 ohms, f = 450 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 7 
(ig =0.1 mAdc, Veg = 1.0 Vdc, f = 450 MHz) @ © 


(Ic = 1.5 mAde, Vog = 6.0 Vde, f= 450 MHz) 


Power Output (Figure 2) | 
(ig = 12 mAdc, Vop = 10 Vdc, f = 500 MHz) 


a * idicates JEDEC Registered Data. 

*Motorola quarantees this data in addition to JEDEC Registered Data. 
@ f+ is defined as the frequency at which Inge extrapolates to unity. 
@ Micro-Power Specifications. 
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2N2857 


NF, NOISE FIGURE (dB) 


FIGURE 1 — TEST CIRCUIT FOR NOISE 
F 


IGURE AND POWER GAIN 


Capacitance vaiues in pr 


L1, 


O VEE =-7.5 Vde = 


L.2 — Silver-plated brass rod, 1-1/2” long and 1/4” dia. install 
at least 1/2” from nearest vertical chassis surface. 
L3 — 1/2 turn #16 AWG wire, located 1/4” from and 
parallel to L2. 
* _ External interlead shield to isolate collector lead from 
emitter and base leads. 


Neutralization Procedure: 


(A) Connect 450-MHz signal generator (with Rs =50 ohms) 
to input terminals of amplifier. 

(B) Connect 50-ohm ‘RF voltmeter across output terminals 
of amplifier. . 


FIGURE 3 — NOISE FIGURE versus FREQUENCY . 


Vce = 6.0 Vde 
Ic = 1.0 mAdc 
Rs = Optimum [= 250-Ohms @ 105 and 200 Mua 
\= 100 Ohms @ 450 MHz 


60 70 


_ 


00 


200 300 400 500 
f, FREQUENCY (MHz) 


Rs, SOURCE RESISTANCE (OHMS) 


| FIGURE 2 — TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 


Capacitance values in pF 


50 2 
DOUBLE-STUB 
TUNER 


1000 RFC 
0.2 wH 


(-) VEE = (+) Voc 


L1 — 3 turns #16 AWG wire, 3/8” 0.0. 1-1/4” long. 


(C) Apply VEE, and with signal generator adjusted for 5 mV 
output from amplifier, tune C1, C3, and C4 for 
maximum output. 

(B) Interchange connections to signal generator and 
RF voltmeter. 

(E) With sufficient signal applied to output-terminals of 
amplifier, adjust C2 for minimum indication at input. 

(F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 


FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 


a ce = 60 Ve 
Re PRP EAL = 105 Miz 
no SS RAT 


\ 


0.5 0.7 1.0 20 - 30 7 10. 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 


Wine, 


Rs, SOURCE RESISTANCE (OHMS) 


|e EVI tf 


3.0 5.0 7. <— 10 


Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 6 — CURRENT-GAIN— FIGURE 7 — NOISE FIGURE AND POWER GAIN 
BANDWIDTH PRODUCT a versus COLLECTOR CURRENT 
B 20 | 10 on ee 
e ole filed. a 
= naf— "3% 500hm Hts HEHE ih 
Ae a ey 3 
5 14 Y 6g is = 
| = 4.0 10 
z att rer are} 
- 0.8 
i 2.0: 5.0 
os cele Sede) Te SI eek eee, 
= os ge el 4 
1. . 1. 02 0 0.5 0.7 1.0. ; 7 5.0 JA 10 
Ic, COLLECTOR CURRENT (mAde) . oe Ic, COLLECTOR CURRENT (mAde) ; 
FIGURE 8 — INPUT ADMITTANCE | . < _ FIGURE 9 — OUTPUT ADMITTANCE 
versus FREQUENCY versus pREQuENeY. 


oe a 
estima TTP 
ee 


ve-cove | | TTT TTT) ,, 
pei ee ' 
Se eee 
a ee ee Seyetr | 
ae ee ee 


or ee ie Saas 
ho eee a eee ee 
eae 2 eee eee? 

ae eee 


Vie. INPUT ADMITTANCE (mmhos) 
Yor, GUTPUT ADMITTANCE (mmhos) 
an 
o 


100 150: 200 300 «©: 400—~S «5500 = 600 800 1000 100 150 200 . 300 © 400 500 600 °# #00 + £1000 
f, FREQUENCY (Me) ; f, FREQUENCY MHz) 
FIGURE 10 — FORWARD TRANSFER FIGURE 11 -REVERSE TRANSFER © 
ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 


eu Sto eee rece) 
= tsa TT PLL 
eH 
Cee SS era | 
Sane ae a = SEH, 


r 
Vce = 6.0 Vde 
I¢ = 1.5 mAdc » 


aT 
ae re ee eee 
| ee ee ee ee iy 


0 anon 
100 150 200 300 400 500 600 #800 1000 100 150 200 300: 400. 500 be — 800 1000 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos). 
a 
Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) a8 eh , FREQUENCY (a 


MOTOROLA RF DEVICE DATA 
3-5 


2N2857 


FIGURE 12 — S74, INPUT REFLECTION COEFFICIENT FIGURE 13 — S99, OUTPUT REFLECTION COEFFICIENT 
300 209 1005003400 ee 30° 200 199 9° 350) en ot 
RAS OAT ABTANT eA AAST GANT CANS TRANS aAChTeeSaALD TTMT LOLA DIP PUOBUS SoU Sone FLT LT LLL 
s OOP IAS L520 490 POC SOS SIS TIT PALA LL KEK 
Seretetreteeretretraniesinses LOLA LRA 320 Weteeretreenetetetinenan LOL PLEA 90 
ADORS SRSA SSIS H ROL MOOR SSCS STSCI TY LER RR Ese 
NeleecetetcerseretratCestentic LH LEO Weeretarcatreretratrantnntes PLL LEZ RRR 
RSS STILTS HH RR RS SSS SSSI SSIES ELLER LEK 
Sacerenronaeeataersettesnantnt 08; OE ROG Seecasgacensonsteatrntasnettn ALAR ELISA 
Neesereteeateeanrenreecetastastansttl ct LPL eetaes Seeesereteatesratrancetcanteatt UK PLEO RER EA 
NeereteteeratcoteeCetieeteetiatt netinsss 1 “i M4 Neeecetetcecatcatatcastattuatinsttia AA 500 MHz ¥ LRQA 
ReatrocasertesencotcotrattanatNasiinantinantnly H LEP SX Sateteececetceceelseusercetcannast b PRKLOLKKSEL GE 
Se . SOO WK KKK ROSA ROSS OOO a7 LE LK LLL KER KK OCS 
RESKSN SSH 0. HEHE LEN Roe Srereenserrermnenentn N Msi LES 
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2N2857 


FIGURE 16 — S47, INPUT REFLECTION COEFFICIENT AND S92, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a HS — -2N3553 


2.5 W — 175 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


NPN SILICON 


. . . designed for amplifier and oscillator applications in military ~ 
and industrial equipment. Suitable for use as output, driver or pre- 
driver stages in VHF equipment. ~ 


® Specified 175 MHz, 28 Vdc Characteristics — 
Output Power = 2.5 Watts 
Minimum Gain = 10 dB 

Efficiency = 50% 


| *MAXIMUM RATINGS 


| Coiiector-Emitter Voitage , | VcCEO 40 | 
[EmitterBase Voltage ——SSSCSCSCSC~C~‘dC ew YC 
| Total Device Dissipation @ Tc = 25°C Pp -  7.0° Watts | 
Derate above 25°C mWw/°C 


40. 
Operating and Storage Junction ~ ; TJ, Tstg | -65 to +200 | | Oc: | 
Temperature Range aa |i . _ 


*Indicates JEDEC Registered Data. 


ms Rating 


“iL 


SEATING | 
PLANE —~''~—D 


FIGURE 1 — OUTPUT POWER versus FREQUENCY 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


w MILLIMETERS | INCHES 
E -min [Max [min | max | 
= A, 88 | ee eo $50) ens 
i 0.315 | 0.335 
a | € | 6.10 [6.60 | 0.240| 0.260 
= | D | 0.406 | 0.533 | 0.076 | 0.021 
a ae 0.009 | 0.125 
S |_G | 483 | 5.33 | 0.190} 0.270 | 
" | H | 0711] 0.864] 0.028 | 0.034 
ie | J [ 0.737] 1.02 | 0.029 | 0.040 
2 | K [1270 [ - | o500} - | 
| Lt | 635 [ - [0250] - | 
| M | 45°NOM 459 NOM 
PPT - [427 | — 7 0.050 | 
| Q@ | 90°NOM 90° NOM 
| oR | 254 [ — [ool - | 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA 
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2N3553 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C tinteee otherwise noted) 


Characteristic 


OFF SuNGae TERISTICS 


ee 
ue 200 mAdc, Ig = 0) 
Keri a coe A RS Rai a 
ee 0.1 mAdc, Ic = 0) 

(Vg = 30 Vde, Ig = 0) | 
Collector Cutoff Current . . mAdc 


(VCE = 30 Vdc, VBE (off) = 1.5 Vdc, Tc = 200°C) 
(VcE = 65 Vde, Vee (off) = 1.5 Vde) 


Emitter Cutoff Current fear 0.1 mAdc 
(Vee = 4.0 Vdc, Ic = 0). 


ON CHARACTERISTICS 


DC Current Gain 
(Ile = 250 mAdc, Vee = 5.0 Vde) 

 Collector-Emitter Saturation Voltage Vouk: 
(Ic = 250 mAdc, Ig = 50 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product fT 500 
(Ic = 100 mAdc, VcE = 28 Vdc, f = 100 MHz) 3 
Output Capacitance . Cais . 10 pF 
(Vcp = 30 Vde, IE = 0, f = 100 kHz) 


FUNCTIONAL TESTS 
Power Input 
(Vege = 28 Vde, Pout = 2.5 Watts, f = 175 MHz) 
Common-Emitter Amplifier Power Gain 
(VCE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 
Collector Efficiency . 
(Vege = 28 Vdc, Poyt = 2.5 Watts, f = 175 MHz) 


*Indicates JEDEC Registered Data 
(1) Pulsed thru a 25 mH inductor. 


FIGURE 2 — 175 MHz TEST CIRCUIT SCHEMATIC . 


1000 pF 
+ 


; 0.005 uF 28 Vdc 
L1—2 Turns #16 AWG Wire 3/16” |.D., 1/4” Long 2 


L2 —2 Turns #16 AWG Wire 3/16” 1.D., 1/4” Long 
L3 —3 Turns #16 AWG Wire 3/8" |.C., 3/8" Long 


RF Output 


3.0-35 pF 


3.0-35 pF. , te | 3.0-35 pF 
3.0-35 pF 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
aa SEMICONDUCTOR ma 
TECHNICAL DATA 


2N3866 
2N3866A 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


3 ace i 1.0W-400MHz 
NPN SILICON HIGH FREQUENCY TRANSISTOR 
| | 


eats designed for amplifier and oscillator applications in military and 
industrial equipment. Suitable for use as output, driver or pre-driver 
stages in VHF and UHF equipment... : 


® Specified 400 MHz, 28 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum. Gain = 10 dB 
Efficiency = 45% 


@ Large Signal Series Equivalent Impedances 


® 3S-Parameter Characterization 


SEATING 
PLANE —lL—p 


*MAXIMUM RATINGS 


8.89 | 9.40 | 0.350| 0.370 
0.315] 0.335 


am MILLIMETERS| INCHES | 
2B 


Vee 
Emitter Base Voltage VE80 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 

Storage Temperature Range 

90° NOM 90° NOM 


2.54 | - | 0.100] 


All JEDEC dimensions and notes apply. 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


*Indicates JEDEC Registered Data 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA 
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2N3866, 2N3866A 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless sthenviee noted). 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage — VCEO(sus) 30 Vde 
(l¢ = 5.0 mAdc, Ip = 0)  --.. ; - . 7 
Collector-Base Sustaining Voltage a | VCER(sus) —Mde 
(Ic = 5.0 mAdc, Ree = 100). - | : . | ie | 
-Emitter-Base Breakdown Voltage a -* -V(BR)EBO 35° Vde - 
(IE = 100 Adc, Ic = 0) . 
Collector Cutoff Current : ee 4 | ICEO mAdc 
(VCE = 28 Vdc, Ip = 0) . 


Emitter Cutoff Current 
(VBE = 3.5 Vdc, Ic = 0) 
Collector Cutoff Current 


(VcE = 30 Vdc, Vge = —1.5 Vde (Rev.), Te = 200°C) 
(VcE = 55 Vde, Vge = —1.5 Vdc (Rev.) | 


ON CHARACTERISTICS © 


DC Current Gain 

(Ic = 360 mAdc, VcE = 5.0 Vdc) Both 

(Ic = 50 mAdce, Vcg = 5.0Vde) -  ~——-2N3866 
2N3866A 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ip = ‘20 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ii¢ = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) - 2N3866 
2N3866A 


Output snaviance 
(VcB = 28 Vdc, IE = 0, f = 1. 0 MHz) 


FUNCTIONAL TESTS. . 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency 2 
(Vec = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


*Indicates JEDEC Registered Data. 
FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


; RF 
RF Outputs 
_ Inputs 


C1: 3.0-35 pF 
C2,C5: 8.0-60 pF 
C3: 12 pF 
. ©€4:.1000 pF 


C6: 0.9-7.0 pe ae a! | | 
L1: Two turns #18 Wire, , + 
1/4" 1D, 1/8" long 


' L2: FERRITE RF Choke, 
One Turn, z = 450 Ohms 
L3,L4: RF Choke, 0.1 WH . 
L5: 2-3/4 Turns, #18 Wire, 
1/4" 1D, 3/16" long 
R1: 5.6 Ohms 
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2N3866, 2N3866A 


FIGURE 2 -- POWER OUTPUT versus | 
FREQUENCY (Class C) 7 | FIGURE 3 ~ CURRENT-GAIN — BANDWIDTH PRODUCT 


2.5 = 1000 
2.0 : = Sct] 
@ el | a = 800 ee es ee ee 
y : : S & | Ss 
= i Sa i PE: Tad a Ls 
ae ~ P| ~~ | 
Sri jon oe oo |“; = | 
fT] i 5 600 
— ee = v0 mW = 
: Se: es 2 
5 10 —— 2 “0 | 
Saar 
co i Seeiies ean 1 eee, Ea | 
; ui 20 
0.7 | | e Vce = 15 Vde | 
0.6 C | 
100 200 an 0 20 40. 60 so 100 120 140 160 
f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) 
FIGURE 4 — COLLECTOR-BASE TIME CONSTANT | FIGURE 5 — OUTPUT CAPACITANCE 


rp’Cc, COLLECTOR BASE TIME CONSTANT (pS) 
Cob, OUTPUT CAPACITANCE (pF) 


VcE = 15 Vdc 
f= 31.8 MHz 
0 10 20 30 40 50 0 5.0 10 15 2 42 430 35 © 40 


Ic, COLLECTOR CURRENT (mA) | Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


(CLASS C) FIGURE 7 — SMALL-SIGNAL CURRENT GAIN 
2.5 
2 
a ee ae a z 
— < 
aA f= 175 MHz 
5 2.0 Emitter Grounded Directly to Chassis = || 
S | aoe RS Gl 
if 1.5 3 N 
=| 2 = 
oO. = 
= © El 
& % 
E 7.0 = E 
a = t+ 
2 : fa 
~ 95 = - 
, | 
0 10 20 30 40 50 60 70 80 90 100 40 60 80 100 200 : 400 600 800 1000 


Pin, INPUT POWER (mW) . f, FREQUENCY (MHz) 
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2N3866, 2N3866A 


FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT 
a IMPEDANCES 
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FIGURE 10 — S94 versus FREQUENCY 
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FIGURE 9 — S71 AND S99 versus FREQUENCY 
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We 


gee 
QOS 
S 


abies 


oe 
SSS 


HALE 

TU MAL? a 

ICE = 15 Vde 

IH Ie = 50 mAde 
lit; Hos 


yy 


Li, 


210° 


MOTOROLA 
SEMICONDUCTOR ae 


TECHNICAL DATA aay  2N3924 


NPN SILICON 
RF POWER TRANSISTORS 


NPN SILICON RE POWER TRANSISTORS | 


... optimized Annular* transistor for large-signal power-amplifier 
and driver applications to 300 MHz. 
@ Designed for 13.6-volt Operation 


@ Wide choice of min Power Outputs @ 175 MHz 
4 watts — 2N3924 . 


® Multiple-Emitter Construction for Excellent High-Frequency 
‘Performance ; 


® Guaranteed Safe Operating Area 
V(BR)CEO(sus) Measured at Ic = 200 mAdc ms | 
| | | 2N3924 
~ - (TO-39) 
Case 79 ; 


PIN 1..EMITTER 
2. BASE 
3. COLLECTOR 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
Rating 


fo] 


s|o ||: 
o|o o|o 
INO] DO o|— 
<O!¢0 ir] Fa) 
¢ So 

BO 

ah 

o 


Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
- Temperature Range 


2.64 | - | 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-205AD_. 


MOTOROLA RF DEVICE DATA 
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2N3924 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


fp Characteristic «| Symbot| Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Figure 2) V(BR)CEO(sus) Vde 
(Ic = 200 mAdc) 

Collector-Base Breakdown Voltage | V(BR)CBO Vde 
(Ic = 0.25 mAdc, IE = 0) a . : 


Emitter-Base Breakdown Voltage | | V(BR)EBO Vde 
(IE =1.0mAdc, Ic =0) om - 


Collector Cutoff.Current 
(VcB = 15 Vdc, IE = 0) 
(VcB = 15 Vde, Ig = 0, Ta = = 150°C) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 100 mAdc, Veg = 13.6 Vde, f = 100 MHz 


Output Capacitance 
(VcB = 13.6 Vde, Ip = 0, f = 100 kHz 


FUNCTIONAL TESTS 


Test Circuit Figure 1 


VcE = 13.6 Vde, Rg = 50 shone: 
R~ = 50 ohms, f = 175 MHz 


Pout = 4.0 Watts 


FIGURE 1 — 175 MHz TEST CIRCUIT _ FIGURE 2 — PULSE TEST CIRCUIT . 


Pulsed @ 


| 
60 Hz 1S Bel 
50% Duty aay 


Tektronix 
P6000 or y 
Equivalent} ‘9 
—— Tektronix 
503 or 


Equivalent. 


= aye 


13.6 Vdc 
C1, C2, Cq ........ 5-50 pF (Air variable) To Scope 
CP iainieias 7-100 pF (Air variable) © Horizontal 
C5 vesssssseevsvneeeeee470 pF (Disc ceramic) Sensing 
Ce sedis ..0.01 wF (Disc ceramic) 
Me Oy Gore ere 0.001 uF (Disc ceramic) 


L1 — 1% turns #14 AWG tinned 
wire; ¥e”" ID Air wound; 
winding length %6"; base 
tapped 1 turn from grouns 

L> — RFC . 

L3 — 2 turns #14 AWG tinned wire; 
Ya" ID Air wound; winding 
length %e” . 


MOTOROLA RF DEVICE DATA 
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2N3924 


25°C 


= 13.6 Vde, Tc 


_ CLASS C DESIGN DATA FOR Vce 


(Emitter Grounded Directly to the Chassis — No Tuned-Emitter Techniques Used) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT RESISTANCE 


ch 
i 
1 
: FREQUENCY (MHz) 


HPA = 
AA | ETT TT 


y aeNOl: ZONVISIS3E tnd ne 


FIGURE 6 — PARALLEL EQUIVALENT INPUT CAPACITANCE 


FIGURE 3 — POWER OUTPUT versus FREQUENCY 


re indino uaMod ay 


NVL 


f, FREQUENCY (MHz} 


iovavo LAANI 


FIGURE 4 — POWER OUTPUT versus POWER INPUT 


CCC 
ae LAT 


f, FREQUENCY (MHz) 


70 


_ FIGURE 7 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


Pin, POWER INPUT (WATTS| 


oOo + N 
(SLIWM) LAdLNO Y3MOd 399g 


"FREQUENCY (MHz) 
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MOTOROLA 
= SEMICONDUC: 
TECHNICAL DATA Beats oa 


2N3948 


The RF Line 

| 1.0 W — 400 MHz 

HIGH FREQUENCY 
TRANSISTOR — 


NPN SILICON HIGH-FREQUENCY TRANSISTOR NPN SILICON : 


... « designed for amplifier applications in industrial and com- 
mercial equipment. Suitable for use as. output, driver or pre-driver 
stages in UHF equipment. 


@ Specified 400 MHz, 13.6 Vde Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 6.0 dB © 
Efficiency = 45% 


SEATING 
PLANE 


*MAXIMUM RATINGS 


| Symbol! | Value | __Unit_| 
[Ves [36 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage — 


oy 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Collector Current — Continuous 


Pic [400 mde | 
Total Device Dissipation @ Tq = 25°C © 


Watt 
Derate above 25°C ; 5.71 ~| mW/°C 
Operating and Storage Junction TJ, Tstg | -65 to +200 PC. 
Temperature Range 


THERMAL CHARACTERISTICS ; 


‘Characteristic “| Symbol 


Thermal Resistance, Junction to Case _ Resc . 
Thermal Resistance, Junction to Ambient — | Rasa 


*Indicates JEDEC Registered Data 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA 
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2N3948 


“ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) —_ f 


| _ Characteristic | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage | VCEO(sus) 20 Vde 
(Ic = 5.0 mAdc, Ig = 0) ooo 
; = | 


| Collector-Base Breakdown Voltage | V(BR)CBO 


(Wc = 0.1 mAdc, fs = 0) 


| Emitter-Base Breakdown Voitage . to ae re Vde | 
| Collector Cutoff Current 
(Vcpg = 15 -Vde, IE = 0) 
(Vop = 15 Vde, IE = 0, Ta = 150°C) 
ON CHARACTERISTICS _ 
DC Current Gain vs 
(ig = 50 mAdc, Vog = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(le = 50 mAdc, Veg = 15 Vde, f = 200 MHz) 
| Output. Capacitance a 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Power Gain | 


Collector Efficiency | 1— 


L1 — 2 Turns #18 Tinned Wire, 3/16 I.D. 


1/4” Long, Air Wound. ee eee 2 
LZ — 2 Turns #78 Tinned Wire, 1/2 i.D., OT yu . 13.6 Vac 
3/16” Long, Air Wound. eee ee 


RFC 


*Air Mera Capacitors L2 1-10 pF* 


RF Output | 


RF input 


1-10* pF 


FIGURE 2 — OUTPUT POWER versus FREQUENCY | _- FIGURE 3 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


- Pout = 1.5 Watt 
1.0 Watt ae 


Pout, OUTPUT POWER (WATTS) 
Cob, PARALLEL EQUIVALENT: 
OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) | an f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


2N3959 


ie 2N3960 


1.8 GHz — 10 mAde 
HIGH FREQUENCY > 
| TRANSISTORS 
NPN SILICON HIGH-FREQUENCY TRANSISTORS NPN SILICON 


. .designed for high-speed current-mode logic switching applications. 


High Current-Gain—Bandwidth Product — 
ft = 1800 MHz (Typ) @ Ic = 10 mAdc 


Low Input and Output Capacitance — 
Cib and Cob = 2.5 pF (Max) 

Excellent Current-Mode Performance — 
tr = 1.7 ns (Typ) @ Ic = 30 mAdc 


Low Collector-Base Time Constant — 
rb Cc = 25 ps (Max) @ Ic = 10 mMAdc — 2N3959 


Current-Mode logic operation, because of the absence of storage time, 
offers improved high-speed performance for digital applications. In addition, E 
the low impedance drive circuit offers improved delay, rise, and fall times. ; qe 

The basic characteristics of importance in current-mode logic applications tT 
are Current-Gain—Bandwidth Product (ff), Input and Output Capacitance ; 

_ (Cjp and Cop), and Base Spreading Resistance (r‘p). : 

The 2N3959. and 2N3960 offer a combination of extremely high fy values, SEATING 
low capacitances, and low base spreading resistance which results in excep- 7 PLANE 
tionally high speed in current-mode logic circuits. 


*MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
STYLE 1: 
2. BASE 


)MILLIMETERS| INCHES | 


Total Power Dissipation @ Ta = 25°C ~ 400 mW 
Derate above 25°C 2.3 mw/°C | 
Total Power Dissipation @ Tc = 25°C 750 mW 
Derate above 25°C 4.3 mw/°c 
Operating and Storage Junction Ty T stg -65 to +200 °¢ 
Temperature Range 
THERMAL CHARACTERISTICS | | 


Thermal Resistance, Junction to Ambient Raja 0.436 
Thermal Resistance, Junction to Case R6JC 0.233 


\*Indicates JEDEC Registered Data. 


All JEDEC notes and dimensions apply. 


CASE 22-03 
(TO-18) 


MOTOROLA RF DEVICE DATA 


3-19 


ZN3999, ZN3960 


ELECTRICAL CHARACTERISTICS (Tp = 25°C uniless otherwise noted.) _ 


[Characteristic | Fig No. | symbot_ | min | typ | Max | unit _ 


*OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage rae 
1 (e=10nAdc, le = 0) 


Emitter-Base Breakdown Voitage Wt heme 
| (te = 10 uAdc, te = 0} 
| Collector Reverse Current ICEX 
(Voce = 10 Vdc, Veg = 2.0 Vde) 
(Vcg = 10 Vdc, Veg = 2.0 Vde, Ta = 150°C) 


Base Cutoff Current 


(VcE = 10 Vde, Veg = 2.0 Vde) 


Collector Forward Current Katt 
(VCE = 5.0 Vdc, Veg = 0.4 Vdc) 


*ON CHARACTERISTICS 


DC Current Gain 1 hFE 
(ic = 1.0 mAde, VcgE = 1.0 Vde) | 
(i= 10 mAde, Vcg = 1.0 Vde) | 
(I¢ = 30 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE (sat) 

(I¢ = 1.0 mAdc, Ig = 0.1 mAdc) 

(tc = 30 mAdc, Ig = 3.0 mAdc) 
Base-Emitter ‘‘on’’ Voltage VBE(on) 

(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 

(Ic = 30 mAdc, VcgE = 1.0 Vde) 


*DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 
(1c = 5.0 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) 2N3959 
2N3960 
(lc = 10 mAdc, VcE = 10 Vde, f = 100 MHz) 2N3959 
2N3960 
(1¢ = 30 mAdc, VcgE = 4.0 Vdc, f = 100 MHz) 2N3959 
2N3960 


| Output Capacitance 
(Vcp = 4.0 Vdc, ig = 0, f = 1.0 MHz) 
Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 100 MHz) 
Collector-Base Time Constant 
(Ic = 5.0 mAdc, Vcg = 4.0 Vde) 2N 3959 
2N3960 
(ic = 10 mAdc, VcgE = 10 Vdc) 2N3959 
2N3960 


(Ic = 30 mAdc, Veg = 4.0 Vde) 2N3959 
 2N3960 


SWITCHING CHARACTERISTICS (Figure 7) 


!Turn-On Delay Time . 
(ic = 10 mAde, Voyt = 1.0 Vde) 
(I¢ = 30 mAdc, Voyt = 1.0 Vde) 
Rise Time 
(Ig = 10 mAdc, Voyt = 1.0 Vde) Both Devices 
(Ig = 30 mAdc, Voyt = 1.0 Vde) — 2N3959 
2N3960 
Turn-Off Delay Time 
(1¢ = 10 mMAdc, Vout = 1.0 Vdc) 
(I¢ = 30 mAdc, Voyt = 1.0 Ve) ee 
Fall Time 
(Ig = 10 mAdc, Vout = 1.0 Ve) Both Devices 
(Ic = 30 mAdc, Voyt = 1.0 Vde). -  -2N3959 
fe 2N3960 


*Indicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA 
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2N3959, 2N3960 


FIGURE 2 — TYPICAL CURRENT-GAIN — BANDWIDTH 
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FIGURE 1 — TYPICAL DC CURRENT GAIN 
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FIGURE 3 — TYPICAL COLLECTOR-BASE TIME CONSTANT 
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MOTOROLA RF DEVICE DATA.» 
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2N3959, 2N3960 


TURN-ON AND TURN-OFF TIMES | 
FIGURE 6 — Vout = 2.0 Vde 


See 
BH | 


FIGURE 5 — Vout = 1.0 Vde 
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FIGURE 7 — SWITCHING TIMES TEST CIRCUIT 
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i‘. 


This test set up is designed to simulate 
a cascade of identical stages. ..The source 
resistance (Rg) equals the load resistance 
(RL). Vatues used in the test are shown 
in the table. | 


For Vin = Vout = 1V,Vgg= +05 V, 
Ri & Rye values appropriately reduced. 


MOTOROLA RF DEVICE DATA 
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~ MOTOROLA 


m= SEMICONDUCTOR & 
TECHNICAL DATA — 


1W — 175 MHz 


HIGH FREQUENCY 
TRANSISTOR 


__ NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


: designed for amplifier, frequency multiplier, or oscillator 
applications in military and industrial equipment. Suitable for use 
as output driver or pre-driver stages in VHF and UHF equipment. 


@ Specified 175 MHz, 12 Vdc Characteristics — 
Output Power = 1.0 Watt 
“Minimum Gain = 10 dB 
Efficiency = 50% 


MAXIMUM RATINGS 


| *Collector-Emitter Voltage - VCEO Vde 
| *Collector-Base Voltage | Vde 


PIN 1. EMITTER 
: ——— oP 2. BASE 
Total Device Dissipation @ Ta = 25°C. 3. COLLECTOR 


Derate above 25°C 


[MILLIMETERS | INCHES | 
[MAX | MIN | 


Pout. POWER OUTPUT (WATTS) 


All JEDEC dimensions and notes apply. 


f, FREQUENCY (MHz) Available in TO-46 Package as MRF604 


MOTOROLA RF DEVICE DATA 
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2N4427 


ELECTRICAL COIARAGTERISI ICS (Tc= 25°C unless otherwise noted): 


Characteristic 


OFF CHARACTERISTICS 


*Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(ic = 5.0 mAdc, Ig = 0) * i od 20 - 
| *Coiiector-Emitier Sustaining Voitage | VCER (suahe “Vde 1 
| {ic = 5.0 mAdc, Regge = 10 ohms) . 40 | s3 | 
. r Cutoff Current IcEO <r andee 


*Collector Cutoff Current 
(VcE = 40 Vdc, Veg = -1.5 Vde) 
(VcgE = 12 Vde, Veg = -1.5 Vde, To = +150°C) 


"Emitter Cutoff Current 
(VER = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


*DC Cu rrent Gain 
(ic = 100 mAdc, VcE = 5.0 ) Vide) 
(Ic = 360 mAdc, VcE = 5.0 Vdc) 


*Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ig = 20 mAdc) 


DYNAMIC CHARACTERISTICS 


*Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 


*Output Capacitance 
(Vcp = 12 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST | 


*Power Input (Figure 2) Pe. mW 
(Pout = 1.0 W, Vcc = 12 Vde, f = 175 MHz) fee * = 100 
Common-Emitter Amplifier Power Gain Gpe . dB 
(Pin = 100 mW, Veco = 12 Vdc, f = 175 MHz) . 10 ~ 


“Collector Efficiency (Figure 2) — = oan i ; i 
(Pout = 1.0 W, Vcc = 12 Vdc, f = 175 MHz) | 


“Indicates JEDEC Registered Data 


FIGURE 2 — 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C1, C2, L3: 2 turns No. 
C3, and C4: 3-30 pF 16 wire, 
RF Output. «CB: *1,000pF eile 


C6: 0.01 uF 14" long 
Li: 2 turns No. L4: 4 turns No. 


: 16 wire, 
A a 3/8" ID, 
te AAP tank 3/8" long 
. L2: Ferrite choke, Q: 2N4427 
, Z = 450 ohms 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


@ SEMICONDUCTOR yyy 
TECHNICAL DATA — ne IN4428 


- She RF Line _ | 


NPN SILICON RF POWER TRANSISTOR 


0.75 W — 500 MHz 


_ RF POWER 
TRANSISTOR 


‘NPN SILICON 


. designed primarily for use in large signal VHF and UHF 
amplifier output stages in military and industrial communications 
applications. 


® Specified 28 Volt, 500 MHz Characteristics — 
‘Output Power = 750 mW 
Typical Gain = 10 dB 
Efficiency = 35% 


*MAXIMUM ee 


Total Device Dissipation @ T¢ = 25°C 
Derate above 25°C 


| Operating and Storage Junction Ty T stg. -65 to +200 
Temperature Range 


“indicates JEDEC Registered Data. 


VEB 


STYLE 1 
PIN 1. EMITTER 
2. BASE ; 
3. COLLECTOR 


‘FIGURE 1.— 500 MHz TEST CIRCUIT 
OUTPUT 


15-20 pF S00HMS 


INPUT 
50 OHMS 


0.9-7.0 pF 


0.125 


[0.019 | 
| = | 
| — | 


=~ 
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° 
= 
oO 
= 


al 
Qa 
f=) 
2 
i=) 
= 


+VCC 
Li ~1 TURN NO. 20 T.C. WIRE 1/4” 
DIA TAPPED AT CENTER 


VCE = 28 Volts 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


Adjust R1 for I¢ = 70 mA with 
no RF Signal Annlied 


MOTOROLA RF DEVICE DATA 
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2N4428 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
| Collector-Emitter Sustaining Voltage V(BR)CEO(sus) 35 a Vde 


fin = BO mAdc fn =f} 


| 
| Collector-E mitter Sustaining Voitage V(BR)CER(sus) 
i dig = 26 mAdc, Age - 16 ohms} 


| Coiiector Cutoff Current . ICEX | mAdc 
(Vce = 55 Vdc, VBE(on) = -1-5 Vde) 
Emitter Cutoff Current mAdc 
(VER = 3.5 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


(I¢ = 400 mAdc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS | 


Current-Gain—Bandwidth Product iT 700 _  « MHz 
(I¢ = 50 mAdc, VcE = 20 Vdc, f = 200 MHz) 
Output Capacitance — Cob 1.2 3.5 “pF 
(Vcp = 28 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Input (Figure 1) — 
(Pout = 750 mW, VcE = 28 Vdc, Rs = 50 Ohms, 
f = 500 MHz) 
Collector Efficiency (Figure 1) 
(Pout = 750 mW, Vee = 28 Vdc, Rs = 50 Ohms, 
f = 500 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 3 — OUTPUT POWER versus FREQUENCY 


TEST CIRCUIT FIGURE 1 
VCE = 28 Vdc 


ff, CURRENT-GAIN—-BANOWIOTH PRODUCT (MHz) 
Pout, OUTPUT POWER (WATTS) 


ic, COLLECTOR CURRENT (mA) f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


mi SEMICONDUCTOR mm 


TECHNICAL DATA 


applications. . 


@ Low Noise Figure @ 450 MHz — 

_ NF.= 3.0 dB (Max) — 2N4957 
= 3.3 dB (Max) — 2N4958 
= 3.8 dB (Max) — 2N4959 

@ High Power Gain @ 450 MHz — 
Gpe = 17 dB (Min) — 2N4957 
= 16 dB (Min) — 2N4958 
= 15 dB (Min) — 2N4959 


*MAXIMUM RATINGS 


Total Power Dissipation @ Ta = 25°C © 
Derate above 25°C 


*|Indicates JEDEC Registered Data. 


The RFE Line 


PNP SILICON HIGH FREQUENCY TRANSISTORS 


... designed for high-gain, low-noise amplifier, oscillator and mixer 


® High Current-Gain— Bandwidth Product — | 
fT = 1.2 GHz (Min) @ IE = 2.0 mAdc — 2N4957 
= 1.0 GHz (Min) @ IE = 2.0 mAdc — 2N4958, 2N4959 


2N4957 
2N4958 
2N4959 


1.2 GHz @ 2.0 mAdc — 2N4957 
1.0 GHz @ 2.0 mAdc — 2N4958, 2N4959 
HIGH FREQUENCY 
TRANSISTORS 


PNP SILICON 


“SEATING 
PLANE | 


PIN1. EMITTER 

2. BASE ——N 
3. COLLECTOR 
4. 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


MOTOROLA RF DEVICE DATA 


2.97 


2N4957, 2N4958, 2N4959 


*ELECTRICAL CHARACTERISTICS S (Ta 25°C unless otherwise noted. ) 


' OFF CHARACTERISTICS. 
| Collector-Emitter Breakdown Voltage V(BR)CEO 
| (¢= 1.0 mAdc, Ip = 0) : 
i Colector- Base Breakdown Voltage | VipR)cBO | Vde 
| (Iq = 100 wAdc, I = 0) | | | | | 
| Emitter-Base Breakdown Voltage | ViBR)EBO | 3.0 Vdc ! 
(te = 100 wAdc, Ic = 0) _ 


Collector Cutoff Current 


(Veg = 10 Vdc, Ig = 0) 
(Vcg = 10 Vdc, Ie = 0, Ta = 150°C) | 


“ON CHARACTERISTICS 


DC Current Gain 
(Ig = 2.0 mAdc, VcE= = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 
(te = 2.0 mAdc, Vice = 10 Vde, f = 100 MHz) 2N4957 
2N4958, 2N4959 


Collector-Base Capacitance 
(Vcp = 10 Vdc, te = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


| Collector-Base Time Constant 
(le = 2.0mAdc, Veg = 10 Vde, f = 63. 6 MHz) 


Noise Figure 
(Ic = 2.0 mAdc, VcE = = 10 Vdc, f = 450 MHz) 2N4957 
2N4958 
2N4959 


FUNCTIONAL TESTS 


1Common-Emitter Amplifier Power Gain 
(VcE = 10 Vde, Ig = 2.0 mAdc, f = 450 MHz) 2N4957 


2N4958 
2N4959 


*|Indicates JEDEC Registered Data. 
(1) f7 is defined as the frequency at which |h¢el extrapolates to unity. 


MOTOROLA RF DEVICE DATA 
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2N4957, 2N4958, 2N4959 


FIGURE 1 — NOISE FIGURE AND POWER GAIN 
TEST CIRCUIT 


Vout 
V; : . 4 RL = 50 Ohms 
in 
RG= 60 Ohms Ci 


C1,C2,C3,C4,05 1. 0-10 oF Variable Air Dielectric 
Piston-Type Capacitor 
L1_ Silver-Plated Brass Bar Stock 1.0in. 
Long, 1/4” Diameter 
L2_ Silver-Plated Brass Bar Stock 1:625in. . 
Long, 1/4" Diameter, Tapped 1/4 ” 
fram Hot‘End ; 


L3. 0.5" Loop of #16 AWG Wire 0.375 in. 0.1 uF ot 
from and Parallel to L2 . T T uF vy 
= + Common 


NF, NOISE FIGURE (dB) 


(00s Rae ee mm aseni: 
Be 
ea 
0.1 1.0 


f, FREQUENCY, (MHz) 
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FIGURE 5 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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FIGURE 2 — UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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FIGURE 6 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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2N4957, 2N4958, 2N4959 


COMMON EMITTER CIRCUIT DESIGN DATA 
(VcE = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 7 — TRANSDUCER GAIN 
versus FREQUENCY 
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FIGURE 9— LOAD ADMITTANCE 


versus FREQUENCY (REAL) 


(NOTE 1) 


Gc, REAL PART OF LOAD ADMITTANCE (mmhos) 
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FIGURE 11 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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Gs, REAL PART OF SOURCE ADMITTANCE (mmhes) 


f, FREQUENCY (MHz) 


NOTE 1 

Figures 7 through 18 are included to assist the circuit designer in determin- 
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 

The Linvill “C’’ factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 


* “Transistors and Active Circuits,’ Linvill and Gibbons, McGraw-Hill, 1961. 


“C" FACTOR 


FIGURE 8 — LINVILL STABILITY FACTOR 
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FIGURE 10 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 12 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
(NOTE 1) 
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“Cis less than 1.0, the circuit is unconditionally stable. When ‘'C’’ is greater 


than 1.0, the circuit is potentially unstable. 

The Stern ‘‘K’’ factort has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If ‘’K” 
is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN-215A. 


t “Stability and Power Gain of Tuned Transistor Amplifiers,” 
1.R.E., March 1967. 


Arthur P. Stern, Proc. 
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2N4957, 2N4958, 2N4959 


GT, TRANSDUCER GAIN (dB) 


G,_, REAL PART OF LOAD ADMITTANCE (mmhos) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 


COMMON BASE CIRCUIT DESIGN DATA 
(Vcp = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 13 — TRANSDUCER GAIN 
versus FREQUENCY 
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FIGURE 15 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


500 i 
| 
eet 


200 300 500 700 


f, FREQUENCY (MHz) 


FIGURE 17 — . SOURCE ADMITTANCE 


versus FREQUENCY (REAL) 
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’ FIGURE 14 — LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 16 — LOAD ADMITTANCE 
versus FREQUENCY. (IMAGINARY) 
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2N4957, 2N4958, 2N4959 


FIGURE 19 — SMALL-SIGNAL CURRENT GAIN FIGURE 20 — POLAR hg, 
versus FREQUENCY 
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FIGURE 21 — fy versus COLLECTOR CURRENT 
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2N4957, 2N4958, 2N4959 


Y PARAMETERS versus CURRENT 
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2N4957, 2N4958, 2N4959 


COMMON BASE y PARAMETER VARIATIONS 
(VcR = 10 Vdc, Ic = 2.0 mAdc) . 


y PARAMETERS versus FREQUENCY | POLAR y PARAMETERS versus FREQUENCY 
FIGURE 33 — viz, INPUT ADMITTANCE FIGURE 34 ~ yj, INPUT ADMITTANCE 
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2N4957, 2N4958, 2N4959 


COMMON EMITTER y PARAMETER VARIATIONS oa 
(VCE = 10 Vdc, ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY 


FIGURE 41 — Vie INPUT ADMITTANCE 
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[MOTOROLA 
‘Tecunicapata~ ti (atsti‘é!;*;*;*;*é*CC*éNOS 
2N5032 


2.5 dB @ 450 MHz — 2N5031 © 
3.0 dB @ 450 MHz — 2N5032 


| | HIGH FREQUENCY 
| NPN SILICON HIGH-FREQUENCY TRANSISTORS | TRANSISTORS 


er ees: aun Seagee ; NPN SILICON 
designed primarily for use in high-gain, low-noise, small- 


signal amplifiers. 


@ High Current-Gain — Bandwidth Product — 
“castles 1000 MHz (Min) @ I¢ = 5.0 mAdc 
@ Low Noise Figure @ f = 450 MHz — 
NF = 2.5 dB (Max) — 2N5031 | 
= 3.0 dB (Max) — 2N5032 
@ High Power Gain — | 
Gpe = 14 dB (Min) @ f = 450 MHz 


*MAXIMUM RATINGS | 


Collector-Emitter Voltage VCEO nee We Vde | 


Emitter-Base Voltage VEBO. -Vde 


Collector Current — Continuous 


PIN1. EMITTER 


Total Device Dissipation @Tp~ =25°C | 2. BASE 
Derate above 25°C : COLLECTOR 


. CASE 
Operating and Storage Junction — 
Temperature Range — , 


“indicates JEDEC Registered Data. 
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2N5031, 2N5032 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


ee 


OFF CHARACTERISTICS 


*Collector-E mitter Breakdown Voltage 
(I¢ = 1.0 mAdc, |g = 0) 


*Collector-Base Breakdown Voltage 
(ig = 0.01 mAdc, Ie =0) 
"Emitter-Base Breakdown Voltage 
(ig = 0.01 mAde, I¢ = 0) 


*Collector Cutoff Current 
(Vcp = 6.0 Vde, te = 0) . 


ON CHARACTERISTICS 


* 


DYNAMIC CHARACTERISTICS 


*Current-Gain—Bandwidth Product 
(ig = 5.0 mAdc, Vcg = 6.0 Vde, f = 100 MHz) 


*Output Capacitance 
(VcE = 6.0 Vde, Ie = 0, f = 0.1 MHz) 


Collector-Base Time Constant 8 
(I¢ = 6.0 mAdc, VcgE = 6.0 Vdc, f = 31.8 MHz) 


“Noise Figure (Figure 1) | 
(I¢ = 1.0 mAde, Veg = 6.0 Vde, f = 450 MHz) 2N5031 
: 2N5032 


FUNCTIONAL TEST | 


*Common-Emitter Amplifier Power Gain (Figure 1) 
(VcgE = 6.0 Vde, Ic = 1.0 mAdc, f = 450 MHz) 


*\|ndicates JEDEC Registered Data. 
(1) Tuned for Minimum Noise. 


FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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Cob, COLLECTOR-BASE CAPACITANCE (pF) 


| Rade 1.0 cal 
Ci, C2, C4, C7 - 0.8 — 10 pF Johanson ; 
- C8 -0.5 — 3.5 pF Johanson ae a aa 
C3, C5 — 500 pF Button Type 

a Eee ae ee a FE re a a 

A2-2.7k "1/4 watt 6% L3 — 1/4" Brass Rod, Solder Plated, 1-1/2" long. 0.5 

R3 - 1.0k 1/4 watt 5% : Placed 1/2" from the socket and in parallel ae Ie eed cl 

L1 — 1/4” Brass Rod, Solder Plated, 1-1/8" Jong. with shield, which bisects the socket. 
Placed 5/8” from the socket and in parallel The ungrounded side is soldered directly to 
Sinmun = Easement ar ec ne 
The ungrounded side is soldered directly to 15/16” from ground. 0 
the ungrounded side of C2. L4 - 1/2 Turn #16, 5/16" above L3 and 5/8” 0 2.0 40 6.0 8.0 10 12 14 16 18 20 

L2 - 0.22 wH . long, (over 13). : 


Vcp, COLLECTOR - BASE VOLTAGE (VOLTS) 
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2N5031, 2N5032 


FIGURE 4 — S4_ AND S99 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 


ft, CURRENT-GAIN—BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mAdc) 
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2N5031, 2N5032 


NF, NOISE FIGURE (dB) 


Vie, INPUT ADMITTANCE (mmbos) 


Yfe. FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 7 — NOISE FIGURE versus FREQUENCY 


VCE = 6.0 Vde 
I¢ = 1.0 mAdc 
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MOTOROLA RF DEVICE DATA 
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oe ae wi aa ae 


Gpe, GROUNDED EMITTER POWER GAIN (d8) 
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FIGURE 8 — POWER GAIN versus FREQUENCY 
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FIGURE 10 — OUTPUT ADMITTANCE versus FREQUENCY 
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MOTOROLA 


| SEMICONDUCTOR saa 
TECHNICAL DAT. : oN 5108 


1.0 W - 1 GHz | 
HIGH FREQUENCY 
| TRANSISTOR 
| NPN SILICON HIGH-FREQUENCY TRANSISTOR ES ETON : 


... designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. . 


@ Specified 1 GHz, 28 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 5.0 dB 
Efficiency = 35% 


@ Typical 1.68 GHz, 28 Vdc Characteristics — 
Output Power = 0.3 Watt 
Efficiency = 15% 


STYLE 1 
PIN 1. EMITTER 
2.BASE «2 
3. COLLECTOR 
*Emitter-Base Voltage 
| *Collector Current — Continuous MILLIMETERS | INES | 
*Total Device Dissipation @ Tc = 25°C =) 3.5 Watts 
| Derate above 25°C . | S: 0.02 wiec | | 0.335 | 
| *Storage Temperature Range -65 to +200 


oa 
t — 
NO 
nn 


"Indicates JEDEC Registered Data. 


wo 
So 
[=] 


NOM 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA. 


3-40 


2N5108 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


symbol | Min | tye | Max | Unit 
*Collector-E mitter Sustaining Voltage 


OFF CHARACTERISTICS 
PLP VCE R (sus) vee 
(I¢ = 5.0 mAdc, Reg = 10 ohms) — - . 
Collector-Base Breakdown Voltage Y(BR)CBO 
___(t¢ = 0.1 mAdc, ig = 0) 


_ (Ig = 0.1 mAdc, Ic = 0) 
*Collector Cutoff Current 
(Vog = 15 Vde, Ip = 0) 


*Collector Cutoff Current 
(Vce = 50 Vdc, Vee = 0) 
(Vce = 15 Vde, Vege = 0, Tc = 150°C) 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage VCE (sat) | Vde 
(1¢ = 100 mAdc, Ig = 10 mAdc) 


DYNAMIC CHARACTERISTICS 


*Current-Gain—Bandwidth Product 

(I¢ = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) | 
*Output Capacitance Cob 3.0 

(Vcp = 30 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST. 


*Common-Emitter Amplifier Power Gain (Figure 1). 
(Pout = 1-0 W, Vcc = 28 Vdc,.1¢ = 102 mAdc, 
f = 1.0 GHz) 


Power Output (Figure 1) 
(Pin = 316 mW, Vcg = 28 Vde, f= 1.0 GHz) 


*Collector Efficiency . 
(Pi, = 316 mW, Vcg = 28 Vdc, f= 1.0 GHz) 


Power Output (Oscillator) (Figure 2) . 
(Voce = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


*tndicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA | 
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2N5108 


FIGURE 1 — 1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 


di: 1” Input line, center conductor width = 0.280" 
d2: 1” Output line, center conductor width = 0.125” 
Q: 2N5108 
R: 3.9 ohms = a 
T1, 72: Microlab Double Stub Tuner, or Equivalent 
- Bias Tee: Microlab O8N, or Equivalent 
Transistor Mount: 1/32” Microstrip board 


_. Note: Impedance measurements are made at transistor socket pins. 


FIGURE 2 — 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


+VCC -VCC =2.0V 


L1, L2 — 1/16" Microstrip Board. Lines are 0.16” 
wide and 1.31” long. 


L3 — 1/16" Microstrip Board. 0.16” wide and 
: 0.65" long, Mags. 
L4—REChoke,3.6uHy 
C1 — 0.4 pF —6.0 pF Johanson 4640 
L4 C2 — 1.0 pF — 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru a 
R — 2.0 k ohms Miniature Trim pot 


OUTPUT 


MOTOROLA RF DEVICE DATA 
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2N5108 


FIGURE 4 — OUTPUT POWER versus FREQUENCY | 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 6 — OSCILLATOR OUTPUT POWER 


FIGURE 5 — OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE 


versus COLLECTOR CURRENT 
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Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mAdc) 
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MOTOROLA 


aa SEMICONDUCTOR | 
TECHNICAL DATA 


The RF Line 


1.2 GHz @ 50 mAdc 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


.;. designed specifically for broadband applications requiring good 
linearity. Useable as a high frequency current mode switch to 
200 mA. 


® Low Noise Figure — @ f = 200 MHz 
NF = 3.0 cB (Typ) 

® High Current-Gain — Bandwidth Product — 
f7 = 1200 MHz (Min) @ Ic = 50 mAdc 


_*MAXIMUM RATINGS 


Sous ease Voltage” ee EM 
Emitter Base Volta a 
[ie Grant — comin Jig [fe 


Callector Current Continuous 400 I 
1 Total Device Dissipation @ Tg = 75°C (1 2.5 Watt 
|. Derate above 25°C 20 mw/°C 

i Storage Temperature Range | Tstg -65 to +200 


(1) Total Device Dissipation at Ta = 25°C is 1.0 Watt. 
as Indicates JEDEC Registered Data. 


SEATING 
PLANE ~~l+-D 


FIGURE 1 — RF AMPLIFIER FOR VOLTAGE 
GAIN TEST CIRCUIT 


Pin P | STYLE 1 
‘ is out at : é 
(2g 75 Q) (2, = 75.2) PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Tr 


(SEE 
DETAIL) 


DETAIL 
OF TRANSFORMER 


O 
+VCC 


C1,€2,C3,C5 0.002 uF R3 33092,1W 
0.03 uF R4 20082, 1/4 W 
1500 pF Tl 4 Turns #30 Wire ; : 
18 pF ; Bifilar wound on “Indiana General” Ali JEDEC dimensions and notes apply. 
47k, 1/4W C 102-01 
he Vw ore =CF-102-Q1, or equivalent CASE 79-02 


MOTOROLA RF DEVICE DATA 
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2N5109 © 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


* OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(I¢ = 5.0 mAde, Ig = 0) 


ICollector-Emitter Sustaining Voltage (1) 
(Ic = 5.0 mAdc, Reg = 10.2) 


Collector Cutoff Current 


(VcE = 15 Vde, Ip = 0) 
- [Collector Cutoff Current 
(Vcg = 15 Vde, Veg = -1.5 V, Tc = 150°C) 
(VcE = 35 Vde, Vge =-1.5 V) 
[Emitter Cutoff Current 
_ (Vge = 3.0 Vdc, Ic = 0) 
*ON CHARACTERISTICS 
DC CurrentGain - 
(Ic = 360 mAdc, VcgE = 5.0 Vdc) 
(1¢ = 50 mAdc, Vee = 15 Vdc) 


DYNAMIC CHARACTERISTICS a we | 
*Current-Gain — Bandwidth Product 
| (Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
Collector-Base Capacitance ) 
(Vcg = 15 Vde, Ig = 0, f= 1.0 MHz) 


Noise Figure 
(Ic = 10 mAdc, VcE = 15 Vdc, f = 200 MHz) 
(Figure 2) “ 


FUNCTIONAL TEST 


* Common-Emitter Amplifier Voltage Gain (Figure 1) 
(1c = 50 mAdc, Vcc = 15 Vdc, f = 50to 
216 MHz) ; 


*Power Input (Figure 2) . 
(1c =50 mAdc, Vcc = 15 Vdc, Rg = 500hms, 
Pout = 1.26 mW, f = 200 MHz) 


*Indicates JEDEC Registered Data. 
(1) Pulsed thru a 25 mH Inductor; 50% Duty Cycle 


FIGURE 2 — 200 MHz TEST CIRCUIT 


Pout 
Pin (ZL = 50.9) 


(Rg = 50 9) 


C1, C2, C3. 1.0— 30 pF L1 4-1/2 turns, No. 22 wire, 3/16” 1.0. 
C4 1.0 — 20 pF L4 3-1/2 turns, No. 22 wire, 3/16” 1.0. 
C5 10,000 pF L2,L3 0.82 nH RFC 
C6,C7 1,000 pF Ri 240 OHMS, 2 WATTS 
C8 0.01 uF 
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2N5109 


T (GHz) 


7 
J 


ft, CURRENT GAIN-BANDWIDTH PRODU( 


V, VOLTAGE (VOLTS) 


URE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — SATURATION VOLTAGES 


Ic, COLLECTOR CURRENT (mAdc) 


th Ce, COLLECTOR-BASE TIME CONSTANT (ps) 


C, CAPACITANCE (pF) 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT: 


VCE = 15 Vde 
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FIG bs 6 — CAPACITANCES versus REVERSE lac . 
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Yie, INPUT ADMITTANCE (mmhos) 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 9 — REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 13 — OUTPUT ADMITTANCE versus FREQUENCY FIGURE 14 — OUTPUT ADMITTANCE versus COLLECTOR 
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FIGURE 17 — REVERSE TRANSMISSION 
‘COEFFICIENT versus FREQUENCY 
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TECHNICAL DATA 


ONS160 


AMPLIFIER 


| ; PNP SILICON : 
PNP SILICON RF POWER TRANSISTORS || TRANSISTOR | 
| | 


. designed for amplifier, frequency multiplier or oscillator applica-| 
tions in military and industrial equipment. Suitable for use as Class A, 
B,orcC output driver, or pte -driver stages in VHF and UHF. 


e High Power Gain — Gpg = 8. OdB (Min) @ f = 400 MHz, 
14.5 dB (Typ) @ 175 MHz — No Emitter Tuning 


e Power ou — Pout = 1.0 Watt (Min) @ = 400 MHz 
= 1.5 Watt (Typ) @f = -175 MHz 
e Resists Burnout When Load is Shorted or Opened 
e Designed for Use in Complementary Circuits with 2N3866_ 


SEATING 
PLANE eg 


MAXIMUM RATINGS 


a ee ee 


a 
ee 
ers vanee | ap 
Teaucureven 
| | & 
ty Tae 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


MILLIMETERS| INCHES | 


| [MIN [MAX | MIN | 
-65 to +200 il Pe [eer fee Tasot oa 


Total Device Dissipation @T Ex = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA 
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2N5160 


ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted) 
| Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Menage 
(IQ = 5.0 mAdc, IL, = 0) 


Emitter-Base Breakdown Voltage 
(I, = 0. 1 mAdc, Ia = 0) 


Collector Cutoff Current 
Wop = 28 Vdcy I, = 0) ‘ 
Collector Cutoff Current 
(Vor = 60. Vdc, Vor = 0) 
Collector Cutoff Current : 


| Wop = 28 Vde, I, = 0) 


ON CHARACTERISTICS | 


DC Current Gain | 
(I, = 50 mAdc, V = 5.0 Vdc) 


CE 
DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth. Product 
(lg = = 50 mAdc, Vor = =.15 Vdc, f = 200 MHz) 
Collector-Base Capacitance 
= 28 Vdc, I, = 9, f=0.1ltol. 0 MHz) 
FUNCTIONAL TESTS 


Common- Emitter Amplifier Power Gain 
(Vor = 28 Vdc, Pia = 0.16 Watt, f = 400 MHz) 


(Vor = 28 Vdc, P 50 mW, f = 175 MHz) 
Power Output 
(Vn = 28 Vdc, P. 0.16 Watt, f = 400 MHz) 
CE - dns 
(Vor = 28 Vdc, Dig 50 mW, f = 175 MHz) 


Collector Efficiency 
= 28 Vde, P, = 0.16 Watt, f= 400 MHz) 


C)—10 pF Cg — 0.01 pF 
Co, C3, C4, C5 — 1.0 — 10 pF variable Ly — 30 nH, 1 turn, No. 20 AWG 
Cg — 2400 pF feed through Lo —75nH, 3 turns, No. 20 AWG ~ : 


C7 — 0.004 ,F L3 — 0.33 pH, R.F.C. 


C3. Ly 
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REAL IMPEDANCE (OHMS) 


Cout, OUTPUT CAPACITANCE (pF) 


Pout, POWER OUTPUT (WATTS) 


FIGURE 2 — POWER OUTPUT 
_ versus FREQUENCY 
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FIGURE 4 — PARALLEL INPUT 
IMPEDANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 6 — PARALLEL OUTPUT 
CAPACITANCE versus FREQUENCY 
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ff, CURRENT-GAIN—BANDWIDTH PRODUCT (GHz) 
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FIGURE 3 — POWER OUTPUT 
versus POWER INPUT 
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Pip, POWER INPUT (mW) 


FIGURE 5 — PARALLEL INPUT 
IMPEDANCE versus FREQUENCY 
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FIGURE 7 — CURRENT-GAIN—BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (mA) 
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FIGURE 8 —2N5160 300-MHz COMPLEMENTARY POWER OUTPUT CIRCUIT 


a 3 —O +56 V 
| T 470 pF rom pF 
38 nH = 
5.0 pF 
COUPLING | 
Rg = 802 150nH 150 nH” —_ Ry = 50 | 


_ 10-10 pF | 1.0 — 10 pF 


2N3866 


FIGURE 9 — COMPLEMENTARY CIRCUIT — POWER OUTPUT versus POWER INPUT 
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MOTOROLA 
= SEMICONDUCTOR x 
TECHNICAL DATA 2N5179 


4.5 dB @ 200 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF HIGH FREQUENCY TRANSISTOR 


. designed primarily for use in high-gain, na -noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter .. 
applications. 


High Current-Gain — Bandwidth Product — 
ft = 1.4 GHz (Typ) @ Ic = 10 mAdc 


Low Collector-Base Time Constant — 
rb Cc = 14 ps (Max) @ Ie = 2.0 mAdc 


Characterized with Scattering Parameters 


Low Noise Figure — 
NF = 4.5 dB (Max) @ f = 200 MHz 


SEATING 
PLANE 


* . STYLE 10 | 
MAXIMUM RATINGS | — nie Ewin 


2. :BASE 
3. COLLECTOR 


Collector Current . 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ T¢ = 25°C 
Derate above 25°C i 


Storage Temperature Range Tstg -~65 to +200 ee 


"indicates JEDEC Registered Data. 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage : Vozo tus) 
{Ic = 3.0 mAdc, Ip = 0) . . 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.001 mAdc, IE = 0) 20 
Emitter-Base Breakdown Voltage _ . V(BR)EBO 
. (IE = 0.01 mAdc, Ic = 0) 2.5 
Collector Cutoff Current ICBO © . 
(Vcp = 15 Vdc, IE = 0) | 
(Vcp = 15 Vde, IE = 0, Ta = 150°C) : | 


ON CHARACTERISTICS 


DC Current Gain ae 
(Ic = 3.0 mAdc, Veg = 1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1.0 mAdc) | 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (@) 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz) © 


Collector-Base Capacitance 
(Vop = 10 Vde, IE = 0, f = 0.1 to 1.0 MHz] 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz) 


Collector-Base Time Constant 
(le = 2.0 mAdc, Veg = 6.0 Vdc, f = 31.9 MHz) 


Noise Figure (See Figure 1) 
(Ic = 1.5 mAdc, Vcge = 6.0 Vdc, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) | 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 


Power Output (See Figure 2) 
(Vcpg = 10 Vde, Ie = 12 mAdc, f2500 MHz) 


“Indicates JEDEC Registered Values. 
Q)f+ is defined as the frequency at which Ihte] extrapolates to unity. 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 
1N3195 
TYPE i L 
1N3195 = pt a 
AE i | 13 ; 7 ag. ig 10502 
common! oe | ig go 787) LOAD 
a 11200 _ i 
= ot 1.0- 6.0 
FROM 6092 ~ 291 | [EXTERNAL 
SOURCE 0.02 nF | SHIELD 
—————, 
Cin 
= 30-35 


Li 1-3/4 Turns, #18 AWG, 0.5” L, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5” L, 0.5’ Diameter 
L3 2 Turns, #13 AWG, 0.25’ L, 0.5" Diameter (Position 1/4” from £2) 


FIGURE 3 — NOISE FIGURE 
versus FREQUENCY 


Vee = 6.0 Vde 
I¢ = 1.0 mAdc 
Rs = Optimum (= 250 Ohms @ 105 and 200 MHz 


~ 100 Ohms @ 450 MHz 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (MHz) 


FIGURE 2 — 500 MHz OSCILLATOR CIRCUIT 


OUTPUT 


SEE NOTE 1 


Note 1 — Coaxial-Line output network consisting of: 
2 General Radio Type 874-TEE or equivalent 
1 General Radio Type 874- 020 Adjustable Stub or equivatent 
1 General Radio Type 874-LA A Adjustable Line or equivalent 
1 General Radio Type 874-WN3 Short-circuit termination or equivalent 
Note 2 ~ RFC = 0.2 wH Ohmite #2-460 or equivalent 
Note 3 — Lead Number 4 (case) floating 
L1 — 2 turns #16 AWG wire, 3/8 inch OD, 1-1/4 inch long _ 


Q = 2N5179 


FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


Rs, SOURCE RESISTANCE (QHMS) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


Rs, SOURCE RESISTANCE (OHMS) 
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Vie, INPUT ADMITTANCE (mmhos) f7, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


Vfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 6 — CURRENT-GAIN-BANOWIDTH PRODUCT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 7 — INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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Yoe, OUTPUT ADMITTANCE -(mmhos) 


— yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


FIGURE 8 — OUTPUT ADMITTANCE 
versus FREQUENCY - | 
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FIGURE 10 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 11— S44, INPUT REFLECTION COEFFICIENT FIGURE 12—S29, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 15—S 471, INPUT REFLECTION COEFFICIENT AND S99, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA 
pe SEMICONDUCTOR ae ER | 
2N5583 


HIGH-FREQUENCY 


PNP SILICON HIGH-FREQUENCY TRANSISTOR 
7 a TRANSISTOR 


1.3 GHz @ 100 mAdc . 
| 


| | PNP SILICON 


... designed for applications in high frequency amplifiers and non- | 7 | oo | . 
saturated switching circuits. High gain-bandwidth product charac- —— 


teristic provides excellent performance in a variety of small signal 


and linear amplifier applications. 


® High Current-Gain—Bandwidth Product — 
fT = 1300 (Min) @ ic = 100 mAdc 


® Low Collector-Base Time Constant — 
‘Th Ce = 8.0 ps (Typ) @ Ic = 50 mAdc. 


SEATING 
PLANE 


STYLE 1 


MAXIMUM RATINGS a a oc : ae BASE 


3. COLLECTOR 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 


"Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


*indicates JEDEC Registered Data. 


wo 
S 

ro) 
=z 
(ae) 
= 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


/ MOTOROLA RF DEVICE DATA © 
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2N5583 


Characteristic _ 


“OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage (Note 1). 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage . 


(1¢ = 10 wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 100 Adc, Ic = 0) 


Collector Cutoff Current 
, (VcB = 20 Vdc, Ie = 0) 


. Emitter Cutoff Current , : 
fb (Veg =2.0 Vde, Ic =0) | 


*ON CHARACTERISTICS 


DC Current Gain (Note 1) 
| (le = 40 mAdc, VcgE = 2.0 Vdc) 
~ (Ie = 100 mAdc, VcgE = 2.0 Vdc) 
| (Ig = 300 mAdc, Vcg = 5.0:Vde) | a 
Collector-Emitter Saturation Voltage (Note 1). VCE (sat) 
(I¢ = 100 mAdc,!g=10mAdc) a 
_ | Base-Emitter On Voltage (Note 1) | | VBE (on) 
| (lc = 100 mAdc, VcE = 2.0 Vde) | . 
SMALL-SIGNAL CHARACTERISTICS 
*Current-Gain—Bandwidth Product 
(Ic = 40 mAdc, VcE = 10 Vde, f = 100 MHz) 
(Ie = 100 mAdc, Vce = 10 Vde, f = 100 MHz) 


"Collector-Base Capacitance __ 
~ (Veg = 15 Vde, Ig = 0, f = 100 kHz) 
*E mitter-Base Capacitance | 
(Veg = 0.5 Vde, Ic = 0, f= 100 kHz) 
Collector-Base Time Constant 
(Ic = 50 mAdc, Vcp = 10 Vdc, f = 63.6 MHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


(Vcc = 31.4 Vdc, Ic = 150 mAdc, 
Rise Time {Rc = 160 Ohms, Re = 26.6 Ohms) 


Fall Time 


*Indicates JEDEC Registered Data. 
Note 1: Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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hre, DC CURRENT GAIN 


V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — “ON” VOLTAGES 
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Ic, COLLECTOR CURRENT (mA) — - 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — COLLECTOR CURRENT versus BASE VOLTAGE 
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FIGURE 6 - TEMPERATURE COEFFICIENTS - 
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2N5583_ 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 8 — COLLECTOR-BASE TIME CONSTANT 


Ta = 25°C 
f= 63.6 MHz 
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~~ 
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rp Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


fT; CURRENT-GAIN-BANOWIDTH PRODUCT (MHz) 
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FIGURE 9 — SWITCHING TIMES | FIGURE 10 — SWITCHING TIMES TEST CIRCUIT 


A 


-Vec ¥ 30V 


out 
- Scope Z . 
= 50 Ohms 


> 
v, 
y, 
AK 
Yt tT 
| | | 
[| | 
an 
| 


t, TIME (us) 
wn 
Qo 


Vin = -5.0 Vde 
PW = 100 ns = 
Duty Cycle = 2.0% 


/| 
/ 
HN UT 


aaa Pr -_ 
10 20 30 «= 50.s—«ét00-'—<“itéi«i 0300s 800-100 Tle | Re 
| Ip, COLLECTOR CURRENT (mA) a mA | Ohms 


50 | 526 
150 | 160 
300 | 78 
500 | 46.5 
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MOTOROLA 
TECHNICAL DATA CTOR EEE 
2N5641 


a  manimimnemanmmnena:! green ES 


| The RF Line | | 
ee a | 7.0 W — 175 MHz ~ 
| | _ RF POWER 
TRANSISTOR - 
| | a | 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. . 


@ Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 7.0 Watts 
Minimum Gain = 8.4 dB 
Efficiency = 60% . 

@ Characterized from 125 to 175 MHz 


@ Includes Series Equivalent Impedances . 


SEATING WRENCH 
PLANE 


STYLE 1: 
PIN 1. EMITTER NOTE: 
2. BASE 1. DIM ’N” IS FROM DIA “A” 
3. EMITTER TO ANGLE “V” 


4. COLLECTOR © 


*MAXIMUM RATINGS 


Symbol! 
VCEO 


ho 
od 
[= p) 
wo 


Operating and Storage Junction 
Temperature Range 


| *Indicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA 
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*ELECTRICAL CHARACTERISTICS S Te = 25°C unless otherwise noted.) 


Symbol a 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) . V(BRICEO — 35 Vde 
(I¢'= 200 mAdc,.Ig = 0) ; | | 

Collector-Emitter Breakdown Voltage . V(BR)CES Vde 
(I¢ = 200 mAdc, Vege = 0) | : . 


Emitter-Base Breakdown Voltage | ~ ViBR)EBO © | Vde 

(IE = 5.0 mAdc, Ic = 0) . | 

Collector Cutoff Current \di 
(Vcp = 30 Vdc, If = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VceE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, le = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 7.0 Watts, Voge = 28 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 7.0 Watts, VCE = 28 Vdc, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input 


C1,C3,;C4 5.0 to 80pF 


C2 9.0 - 180 pF 
c5 0.1 UF 

L1 °°: 4-4/4 Straight #14 AWG 
L2 - 3 Turns #16 AWG, 14” 1.0. 


Ls 0.22 BH 
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ZINJOG I 


FIGURE 2 — OUTPUT POWER versus FREQUENCY _ FIGURE 3— OUTPUT POWER versus FREQUENCY 
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Pout: POWER OUTPUT (WATTS) 
pty 
co 
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cae | NOS 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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*ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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MOTOROLA Oo | 
m= SEMICONDUCTOR ays | 
TECHNICAL DATA oe 


2N5642 


The RF Line 
os 20 W — 175 MHz 

RF POWER © 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. . 


® Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 60% 

@ Characterized from 125 to 175 MHz 


® Includes Series Equivalent Impedances 


¥*NAS , 
MAXIMUM RATINGS STYLE 1: 


| | | PIN 1, EMITTER 
oe 2. BASE 
Vde ; 3. EMITTER 
4, COLLECTOR 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 


| K | 12.45 | 
| L | 140 | 1.78 | 0.055 | 0.070_| 


*Indicates JEDEC Registered Data. | — | 127 [ — | 


| P| [0,050 _| 
| R | 759 | 7.80. | 0.299 | 0.307 


| 401 | 452 | 0.158 | 0.178 
0.083 | 0.100 | 
| U | 249 | 3.35 | 0.098 | 0.132 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 
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Z2N596042 


*ELECTRICAL CHARACTERISTICS Bulg 25°C unless otherwise noted.) 
eh vir [ain [ete [oe 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) 
(Ic = 200 mAdc, |g = 0) 


V(BR)CEO 


Cotlectoar- Ey mv nitter Breakdown Voltage. 
(I¢ = 200 mAdc, Vege = 0) 


V(BR)CES 


Emitter- Base ‘Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 


[Collector Cutoff Current 
(Vcp = 30 Vdc, IE = 0) 


ON CHARACTERISTICS 


1OC Current Gain 
({¢ = 200 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcoB = 30 Vdc, le = 0, f = 0.1 to 1.0 MHz) | 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 20 Watts, Vcg = 28 Vdc, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 20 Watts, Veg = 28 Vdc, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
*indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Output 


RF Input 


on | 3.0-30 pF 


C2,C3,C4 9.0-180 pF 

c5 0.1 WF 

1 1° Straight #14 AWG 

L2 1 Turn #16 AWG, 1/4" 1.D. 


L3. 0.22 WH 
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FIGURE 2 — OUTPUT POWER versus FREQUENCY | 


Pout POWER OUTPUT (WATTS) 


GES 


a 


Pout: POWER OUTPUT (WATTS) 
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| [Nd 
Pin = 0.25 Watt ~ 
Nl 
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400 ~~ 150. 200 
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FIGURE 4 ~— SERIES EQUIVALENT IMPEDANCE 
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*ZOL = Conjugate of the optimum load impedance into which the device output operates HE ae, <> 


: at a given output power, voltage, and frequency. - ; . [> {> <x) oS 
DDL O ELL | oP ERR os 
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3 PES 

3 AL ra a . 7 
ES TE Veg = 28 Vde nw A EADS 

= . ~ 

= - aan out ; 20 w i Pe x 
8 er ETAL OA OO Y 
oO 725° SY ; 
S Frequency Zin Zot* y, 

2 30; MHz Ohms Ohms “ 

3 P7125 0.86+40.8 | 12.44j15.33 ’ 
3 |e! 150 1.154) 1.13] 12.31) 14.44 | 
a| | 175 | 1.34j1.22 |12.2413.55 > ‘ 


FIGURE 3 — OUTPUT POWER versus FREQUENCY | 


MOTOROLA 


_ a | 2N5643 


40 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON | 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. . 


@ Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 40 Watts 
Minimum Gain = 7.6 dB 
Efficiency = 60% oe 

® Characterized from 125 to 175 MHz | 


@ Includes Series Equivalent Impedances 


STYLE 1: 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 
4, COLLECTOR 


; Collector-Emitter Voltage ' VCEO 


| Collector Current — Continuous . Ic: “Adc 


Total Device Dissipation @ Tc = 25°C 60 Watts | 
|  Derate above 25°C | ~mw/°c | 
Operating and Storage Junction 
| Temperature Range 


| *Indicates JEDEC Registered Data. 


| *MAXIMUM RATINGS - 


| Collector-Base Voltage 


|. Emitter-Base Voltage 


“MILLIMETERS | INCHES | 
| MIN | 


PP | — | 127 | — | 

| R | 759 | 7.80 | 0.299 | 0.307 |. 
|S | 401 | 452 _| 0.178 
| T | 2m | 254 | 0.063 | 0.100_| 
| U | 249 | 3.35 | 0.098 | 0.132 _| 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 
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*ELECTRICAL CHARACTER SUES tic = 25°C unless otherwise noted.) 


Charabteriste 


OFF CHARACTERISTICS . : ee 
Collector-Emitter Breakdown Voltage (Note 1) oe | a 
(I¢ = 200 mAdc, Ig = 0) | ea pte Ee 
Collector-Emitter Breakdown Voltage | , V(BR)CES 
(Ic = 200 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage . . WeRIe60. Vdc 
. (Ie = 10 mAdc, Ice = 0) 


Collector Cutoff Current . —~ ou", 2 * ICBO 
(Veg = 30'Vdc, IE = 0) . a . 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 500 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcpg = 30 Vdc, le = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure. 1) 
(Pout = 40 Watts, VcE = 28 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 


(Poyt = 40 Watts, Voce = 28 Vde, f= 175, MHz) 


Note 1: Pulsed through 25 mH inductor. 
*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input > 


€1,€C2,C3,C4 ARCO 464 25-280 pF 


C5 0.1 HF. 
L1 1°’ Straight #14 AWG 
L2 ies “1 Turn #16 AWG, 1/4" | 


L3 0.22 wH 
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FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (MHz) . f, FREQUENCY (MHz) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA — 


~ .2N5835 


--2N5836 
2N5837 


The RF Line — 


2.5 GHz @ 10 mAdc — 2N5835 
.2.0 GHz @ 50 mAdc — 2N5836 
. . 1.7 GHz @ 100 mAdc — 2N5837 
NPN SILICON HIGH-FREQUENCY TRANSISTORS ea 
. . HIGH FREQUENCY 
. .. designed primarily for use in fact current-mode switching circuits TRANSISTORS 
in military and industrial equipment. Suitable. for use in general es 
high-frequency amplifier applications to 1.5 GHz. 


-@ 2N5835 — 10 mAdc, 6.0 Vdc Characteristics 


NPN SILICON 


ft = 2.5 GHz (Min) 
'b'Cc = 5.0 ps (Typ) 
tr = 250 ps (Typ) 
@ 2N5836 — 50 mAdc, 6.0 Vde Characteristics — 
f= 2.0 GHz (Min) | 
rb'Cc = 6.0 ps (Typ) 
try = 320 ps (Typ) 
@® 2N5837 — 100 mAdc, 3.0 Vde Characteristics — 
ft = 1.7 GHz (Min) . 
Th'Cc = 6.0 ps (Typ) 
ty = 650 ps (Typ) 


TO-46 | 
2N5836 -  TO-72 | 
2N5837 oe - 2N5835 | 


*MAXIMUM RATINGS 


SEATING 
PLANE 


10 
OO 
‘| Total Device Dissipation @ T a = 25°C 
Derate above 25°C 
Total Device Dissipation@Tc¢ = 100°C 75 
Derate above 100°C 7.5 
Storage Junction Temperature Range 


STYLE 1: 
PIN T. EMITTER 
2. BASE 
3. COLLECTOR 


INCHES 
| MIN | MAX | 


0.209 | 0.230 
0.178 | 0.195 
0.170 | 0. 


i 
| : 170 | 0.210 
seating. |b | 0.016 | 0.021 
SLANE — | — | 0.030 
| | 0.016 | 0.019 


STYLE 10 
PIN1. EMITTER 
2. BASE 
3. COLLECTOR 

4. CASE 


WFAA wa 


All JEDEC dimensions and notes apply 
ALL JEDEC dimensions and notes apply ; 


CASE 26-03 
TO-46 


CASE 20-03 
TO-72 
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2N5835, 2N5836, 2N5837 


* ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS. 


Collector-Base Breakdown. Voltage 


“(Ic = 10 pAde, Ie = 0) 2N5835 
| (In = 100 Ade, Ie = 0) n 2N5836 


{ - 2N5837 


i mitter-Base Breakdown Voltaae 
(i¢ =.100 wAdc, ic = 0) 


Collector Cutoff Current 
(Vcp = 7.5 Vdc, Ie = 0) . 2N5835 0.01 
(Vcp =.10-Vde, le = 0) 2N5836 10 
(Vcp = 5.0 Vde, Ie = 0) 2N5837 10 
Emitter Cutoff Current | uAdc | 


(Veg = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain - : 
(Ic = 10 mAdc, VcgE = 6.0 Vdc) 2N5835 
(l¢ = 50 mAdc, Vcg = 6.0 Vde) | 2N5836 
“(Ic = 100 mAdc, VcE = 3.0. Vde) 2N5837 
Base-Emitter On Voltage _ . | 
(I¢ = 10 mAdc, VcE = 6.0 Vdc) 2N5835 
(ic = 50 mAdc, Vcg =6.0 Vdc) 2N5836 
(Ic = 100 mAdc, VcE = 3.0 Vdc) « 2N5837 


DYNAMIC CHARACTERISTICS | 
Current-Gain—Bandwidth Product @ 


(I¢ = 10 mAdc, Veg = 6.0 Vde, f = 200 MHz) — 2N5835 

(Ic = 50 mAdc, Veg = 6.0 Vdc, f = 200 MHz) 2N5836 

(I¢ = 100 mAdc, VcgE = 3.0 Vde, f = 200 MHz) ~~ 2N5837 a cat a 
Collector-Base Capacitance Cob pF 

(Veg = 10 Vde, le =0, f= 0.1t01.0MHz) 2N5835 | : 2, ih. = 0.8 

2N5836 — - 3.5 

(Vep = 5.0 Vde, Ie = 0, f = 0.1 to 1.0 MHz) 2N5837 = — | 5.0 

Collector-Base Time Constant @ tbh Ce 


(Ic = 10 mAdc, VcE = 6.0 Vdc, f = 63.6 MHz) 2N5835 


(Ic = 50 mAdc, VcE = 6.0 Vdc, f = 63.6 MHz) ~ 2N5836 
(Ic = 100 mAdc, VcE = 3.0 Vdc, f = 63.6 MHz) 2N5837 


SWITCHING CHARACTERISTICS @® 


Rise Time (See Figure 1) (I¢ = 10 mAdc) 2N5835 
Stee (Ic = 40 mAdc) 2N5836 


(l¢ = 100 mAdc) 2N5837. 


“Indicates JEDEC.Registered Data 
Or, is defined as the frequency at which Ingol extrapolates to unity. 
@ Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


To Oscilloscope Vertical Inputs 
(Tektronix 568 or Equivalent) 


This test set-up is designed to simulate 


@: = 3 : Ws a cascade of identical stages. RS= RL 
a Pr Vin = Vout = 1.0 V 
f Channel 1 Channel 2. ae put ? e 
*) V Oref is a transistor of the 
0 es vin | “out same type as the transistor 


under test. 


tr, th< 0.5 ns: a 8 
Z -0.5 Vde 
mA | Ohms. | Ohms | Ohms 
10 | 380 
40 } 95 


100 | 38 


-4.5 Vde — 2N5835, 2N5836 
200 | 19 


= a © -2.5 Vie — 2N5837 
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2N5835, 2N5836, 2N5837 


tr, RISE TIME (ps) 


fT, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


rh'Cc, COLLECTOR BASE TIME CONSTANT (ps) 


FIGURE 2 — SWITCHING TIME _ 


te Ic, COLLECTOR CURRENT (mAdc) 


: FIGURE 4 — CURRENT-GAIN—BANDWIDTH PRODUCT 


Paes > as 70-100 


Ic, COLLECTOR CURRENT (mAde) 


FIGURE 6 — COLLECTOR-BASE TIME CONSTANT 
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2N5835 SCATTERING PARAMETERS 
(I¢ = 5.0 mAdc, VcE = 6.0 Vdc, 2G = ZL = 50 Ohms) 


FIGURE 8 — $14, INPUT REFLECTION COEFFICIENT 
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2N5836 SCATTERING PARAMETERS 
(Ic = 100 mAdc, VcE = 10 Vde, ZG = ZL = 50 Ohms) 


FIGURE 12 — S74, INPUT REFLECTION COEFFICIENT FIGURE 13 — S92, OUTPUT REFLECTION COEFFICIENT 
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ZND9659, ZNDGSO, ZNDES/ 


2N5837 SCATTERING PARAMETERS 
(I¢ = 100 mAdc, VcE = 3.0 Vdc, ZG = ZL = 50 Ohms) 


FIGURE 16 — S44, INPUT REFLECTION COEFFICIENT 


FIGURE 17 — So2, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA 
= SECO NDYCTOR memes 
“er | N58 49 


| | The RF Line | 


40 W-50 MHz 
RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR - 


. . . designed primarily. for use in large-signal amplifier output stages, 
the 2N5849 is intended for use in industrial communications equip- 
ment operating at frequencies to 80 MHz. 


@ Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 40 Watts 
Minimum Gain = 7.5 dB 
Efficiency = 50% 


Ss —— a 
E tp U 
SEATING PLANE 


*MAXIMUM RATINGS 


Collector-Base Voltage VcB . STYLE 1: 
_ - PIN 1, EMITTER 


Emitter-Base Voltage | | 2. BASE 
. ; . 3. EMITTER 
Collector Current — Continuous. 4. COLLECTOR 


| Total Device Dissipation @ Tc = 25°C 100s]: 
Derate above 25°C 571 
Storage Temperature Range -65 to +200 


*Indicates JEDEC Registered Data. 


This device is designed for RF operation. The total device dissipation 
rating applies only when the device is operated as an RF amplifier. 


CASE 145A-09° 


MOTOROLA RF DEVICE DATA. 
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2N5849 


*ELECTRICAL CHARACTERISTICS > Mic * 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 


(1c = 200 mAde, !p = 0) 


[Collector -Emitter Breakdown Voitage(1) V(BR)CES | 48 “ = Vde | 
(lc = 100 mAdc, Var = Q) 


Emitter-Base Breakdown Vealtage V(BR)EBO 
| (le = 10 mAdc, Ic = 0) 
Collector Cutoff Current _ ICES mAdc 
(VcE = 15 Vde, Vee = 0, Ta = +125°C) . 


| Collector Cutoff Current icBO | mAdc 
(Vcp = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Vec = 12.5 Vdc, f = 50 MHz) 


Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vde, f = 50 MHz) 


“Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 


FIGURE 1 — 50 MHz POWER GAIN TEST CIRCUIT 


Vcc 


C1. 25-280 pF, Arco.464 or Equivalent 

C2 80-480 pF, Arco 466 or Equivalent 

C3 0-75 pF, Hammarlund MAPC 75 or Equivalent 

C4. 0-50 pF, Hammarlund MAPC 50 or Equivalent 

L1 1 Turn #14 AWG 5/16” I.D. 

L2 2-1/2 Turns #22 AWG on 3/8” Ferrite Bead 
L318 Turns #18 AWG 3/8” |.D. 2 Layers, 9 Turns Each 
L4 4 Turns #14 AWG 7/16” I.D. 7/16" Long 
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2N5849 


Rin, INPUT RESISTANCE (QHMS) Pout. QUTPUT POWER (WATTS) 


Cout, OUTPUT CAPACITANCE (pF) 


1000 


FIGURE 2 — POWER OUTPUT versus POWER INPUT 


Pin, INPUT POWER (WATTS) 


~~ Poyt, OUTPUT POWER (WATTS) 


FIGURE 4 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


Cin, INPUT CAPACITANCE (pF) 


FIGURE 6 — PARALLEL EQUIVALENT OUTPUT | 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


Ic, COLLECTOR CURRENT (AMP) 


MOTOROLA RE DEVICE DATA 


2-R1 


FIGURE 3 — POWER OUTPUT versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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FIGURE 7 — DC SAFE OPERATING AREA 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N5849 


40 WATT, 50 MHz TRANSMITTER SCHEMATIC 


| +f S a © +12.5 Vde 
0.005 uF aT 0.001 uF a 2 uF T AR 0.05 BF ‘c OF 
RFC1 
43 nH 
90 pF 30 ni ar 
. Pons 2 | 2N5849 5-80 pF 
onsea7 | | - 4 
~ 25-280 pF 
170-780 RFC 
10 2 5 
eRe pF vaws | VK200 
VK200* — — 
*Ferroxcube Part Number 
RFC1 — 20 Turns #18 AWG, 3/16” I.D., 2 Layers, 


10 Turns Each, Close Wound. 
RFC2 — 18 Turns, #18 AWG, 3/16" 1.D., 2 Layers, 
9 Turns Each, Close Wound. 


Py = 40W 

Pi, = 20 mW 

Overall Gain = 33 dB 
Overall Efficiency = 59.2% 


--MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR mm 
DATA 


TECHNICAL | 


‘The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTOR ~ 


ate designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 


_use in CATV applications. 
@ Low Noise Figure — @ f = 200 MHz 
NF (Narrowband) = 3.4 dB (Typ) 
- NF (Broadband) = 6.8 dB (Typ) 
@ High Current-Gain — Bandwidth Product — 
#7 = 1200 MHz (Min) @ Ic = 50 mAdc 


® Completely Characterized with s and y-Parameters 


*MAXIMUM RATINGS 


Collector-E mitter Voltage 


Collector-Base Voltage VcBO eae 


Total Device Dissipation @ Ta, = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


*Indicates JEDEC Registered Data. 


FIGURE 1 — NARROW-BAND TEST CIRCUIT 


L1 = 2 turns #20 wire 
1/4” 1D, 3/16" long 

L2= 5 turns #18 wire 
1/4” 1D, 5/8” long, 
tapped 1-3/4 turns 
from collector 

All capacitors in pF 

unless otherwise noted. 


~ rr 


‘MOTOROLA RF DEVICE DATA 


1.2 GHz — 50 mAdc 


NPN SILICON 
HIGH-FREQUENCY 
TRANSISTOR 


_ NPN SILICON 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


laa MILLIMETERS | INCHES | 
| MIN, [MAX | MIN | MAX | 
| A | 8.89 [9.40 | 0.350] 0.370 | 
| 8B | 8.00 [8.51 | 0.315) 0.335 | 
| ¢ | 6.10 [6.60 | 0.240] 0.260 | 
|_D | 0.406} 0.533 | 0.016] 0.021 | 
| € | 0.2291 3.18 | 0.009 [0.125 | 
|_F | 0.406 | 0.483 | 0-016] 0.019 | 
| 4.83 | 5.33 [ 0.190] 0.210 | 

711 | 0.864 | 0.028 | 0.034 | 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


2N5943 


*ELECTRICAL CHARACTERISTICS ns 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO ia _ Vdc 
{le = 5.0 mAdc, tp = Q) 


i 

| Collector-Base Breakdown Voltage oe Vde 
(ig = 100 vAde, Ir = 0) 

| Emitter-Base Breakdown Voltage V(BR)EBO |. Vde 
( = = 100 uAdc, !¢ = 0) 

Collector Cutoff Current CEO ee ae 
(VceE = 20 Vdc, Ip = 0) 

lector Cutoff Current IcRO a 10 i pAdc 

Veg = 15 Vde, Ie = 0) | 


fie 
+t 
x = 
> 
oO. 
ie) 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 50 mAdc, Veg = 15 Vdc) . 

Collector-Emitter Saturation Voltage VCE (sat) 
(t¢ = 100 mAdc, Ig = 10 mAdc) 


Base-E mitter Saturation Voltage VBE (sat) 
(1¢ = 100 mAdc, |g = 10 mAdc) © 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product (Figure 2) 
(Ic = 25 mAdc, Veg = 15 Vdc, f = 200 MHz) 
(I¢ = 50 mAdc, VcE = 15 Vde, f = 200 MHz) 
(I¢ = 100 mAdc, Veg = 15 Vde, f = 200 MHz) . 


Coliector-Base Capacitance (Figure 5) 


Amn tts 


iVcp = Sd‘ Vdc, ip = 6, f= 160 KOZ) 


Emitter-Base Capacitance (Figure 5) 
(Veg = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
tig = SU mAde, VcE = 15 Vde, f= 1.0 kHz) 


!Collector-Base Time Constant 
(Ie = 50 mAdc, Vcp = 15 Vdc, f = 31.8 MHz) 


Noise Figure . 
(Ic = 30 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 35 mAdc, Veg = 15 Vde, f = 200 MHz) (Figures 6, 11, 14) (1) 


FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(lq = 10 mAdc, Vcg = 15 Vde, f = 200 MHz) (Figure 1). 
(Ic = 50 mAdc, VcgE = 15 Vdc, f = 250 MHz) (Figure 6) 


Intermodulation Distortion (Figure 7) 
(I¢ = 50 mAdc, Veg = 15 Vde, Voyt = +50 dBmvV) 


Cross Modulation Distortion (Figure 8) 
(IG = 50 mAdc, Veg = 15 Vde, Voyt = +40 dBmvV) 
(Ic = 50 mAde, Vog = 15 Vde, Vout = +50 dBmV) 


“Indicates JEDEC Registered Data. 
(1) Includes noise figure of post-amplifier and matching pad. 
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fT, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
2.5 : 


ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — SATURATION VOLTAGES 


th'Cc, COLLECTOR-BASE TIME CO NSTANT (ps) 


C, CAPACITANCE (pF) 


FIGURE 3 — COLLECTOR-BASE TIME CONSTANT 


25 


20 


Ic, COLLECTOR CURRENT (mAdc} 


FIGURE 5 — CAPACITANCES versus REVERSE VOLTAGE 


| Sra. 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 — BROADBAND TEST CIRCUIT 


5.0 
3.0 
2.0 
7 
E 1.0 
So 
= — 
mw 9.54 
< | 
3 0.3 
> cE 
iT | 
i eens sos 
asad Py 
| ; | fl 
0.05 minima (oy a ee 
5.0 7.0 10 20 30 50 70 100 200 300 500 
ic, COLLECTOR CURRENT (mAdc) 
L3 
C3 
R1 
= C5 
INPUT “41 iP - 
{i . 
Oy, CK) re 
75 9 
= oe Cl L2 R2 


C1 1.0-10-pF = JOHANSON 2951 OR EQUIVALENT 
C2,C7 0.01 uF 
C3 -0.5-6.0pF JOHANSON 4642 OR EQUIVALENT 
C4,C6 1500 pF | 

OUTPUT C5 470 pF 

= L1 2 TURNS AWG #26, 5/32” 1.D. 

75Q 2 1H MOLDED CHOKE 

L3 5 TURNS AWG #26, 3/32” 1.D. 

= L4. “FERRITE CHOKE, 3 TURNS #30 ON 

STACKPOLE 57-0156 BEAD 

L5 —- 2 TURNS AWG #26, 3/32” 1.0. 
T1 AWG #30 TRIFILAR WOUND 1-9-9 ON 
_. STACKPOLE 57-0985, #11 TOROID 
RI 270 OHMS | 
R2 18 OHMS 
R3 150 OHMS 


GARLOCK TEFLON SOCKET 
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<< 
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FIGURE 7 — CROSS-MODULATION DISTORTION versus i FIGURE 8 — CROSS-MODULATION 
COLLECTOR CURRENT | DISTORTION versus OUTPUT LEVEL | 


CROSS-MODULATION DISTORTICN) (dB) 
CROSS-MODULATION DISTORTION (dB) 


Ic, COLLECTOR CURRENT (mAdc) i OUTPUT LEVEL (dBmV) 


FIGURE 9 — NARROWBAND NOISE FIGURE versus FIGURE 10 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT COLLECTOR CURRENT 


_Rg = 250 2, Veg = 6.0 TO 20 Vac 


es ee ae 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB 


0 10 20 30 40 50 60 70 80 90 ©6100 


Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 11 — BROADBAND NOISE FIGURE versus oe, FIGURE 12 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT FREQUENCY 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 


50 100 . 200 300 500 
Ic, COLLECTOR CURRENT (mAdc) ~ f, FREQUENCY (MHz) 
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Yre, REVERSE TRANSFER ADMITTANCE (mmhos) Vie, INPUT ADMITTANCE (mmhos) 


¥fe, FORWARD TRANSFER ADMITTANCE (mmhos) 


_ FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 17 — FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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Vce = 16 Vde 
Ic = 50 mAdc 


f, FREQUENCY (MHz) 


- + Yje, INPUT ADMITTANCE (mmhos) 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


_ FIGURE 14— INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 16 — REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 18 — FORWARD TRANSFER ADMITTANCE versus 
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FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 21 — INPUT REFLECTION COEFFICIENT versus — 
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FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR 
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FIGURE 23 — REVERSE TRANSMISSION FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 25 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 


- Vee= 15 VdeY 
. Ie =35mAde 


MOTOROLA RF DEVICE DATA 
QR.20 


TECHNICAL DATA a fo 7N5945 


2N5946 


2.0, 4.0, 10 W - 470 MHz 


RF POWER 
TRANSISTORS | 


NPN SILICON 


NPN SILICON RE POWER TRANSISTORS 


_— designed for 7.0 to 15 Volts, UHF large signal amplifier applica- 
| tions required in.industrial and commercial FM equipment operating 
in the 400 to 960 MHz range. ~ oe | 


_@ Specified 12.5 Volt, 470 MHz Characteristics — 
Power Output = 2.0 W — 2N5944 | 
| — 4.0 W — 2N5945 
| 10 W — 2N5946 
Minimum Gain = 9.0 dB — 2N5944 
8.0 dB — 2N5945 
.. 6.0 dB — 2N5946 


Efficiency = 60% Minimum 
@ Characterized with series equivalent large-signal impedance 
parameters 


MAXIMUM RATINGS 


15 | 375 | 
28.5 85.5. |. 214 


*indicates JEDEC Registered Data 
(1)These devices are designed for RF operation. The total device dissipation rating 


applies only when the devices are operated as RF amplifiers. 


(2)For repeated assembly use 5 in-Ibs. 
2.92 


PIN 1. EMITTER 


2. BASE 
CASE 244-04 3 EMITTER 


4, COLLECTOR 


MOTOROLA RF DEVICE DATA 


3-90 — 


2N5944, 2N5945, 2N5946 


* ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


Collector-Emitter Breakdown Voitage _ V(BR)CEO 
(Ic = 50 mAdc, Ip = 0) | 2N5944 | 
(ic = 100 mAde, |g = 0) | _ 2N5945 
(Ic = 200 mAdc, Ip = 0) ; ~  2N5946 
Collector-Emitter Breakdown Voltage - | V(BR)CES- 
(Ic = 50 mAdc, Veg = 0) -2N5944 | 
(I¢ = 100 mAde, Vee = 0) : : 2N5945 
(Ic = 200 mAdc, VgE=0) ~ -2N5946 | es 
Emitter-Base Breakdown Voltage — . V(BR)EBO- . 
(IE = 1.0 mAde, Ic = 0) - 2N5944 7 | 
(IE = 2.0 mAdc, Ic = 0) ae 2N5945 
(le = 4.0 mAdc, Ic = 0} 2N5946 
Collector Cutoff Current 


(VCE = = 15 Vde, Vpe = 0, Te = 55°C) | , 2N5944 - 
2N5945,2N5946 


Collector Cutoff Current 
(Vogp=15 Vde,le=0)  . . 2N5944,2N5945 
. 2N5946 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 2N5944 


(Ig = 200 mAdc, Vcg =5.0Vde) 2N5945_ 
(tc = 500 mAdc, Voce = 5.0 Vde) 7 2N5946 


~ DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vdc, Ile = 0, f = 1.0 MHz) 2N5944 
; ~2N5945 
2N5946 


~ FUNCTIONAL TEST (Figures 20 and 21). 


| Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = =2.0W, Iclmax) = = 267 mAdc, 2N5944 
f = 470 MHz) 
(Vcc = 12.5 Vdc, Poyt = 4.0 W, Ie(max) = 533 mAdc, 2N5945 
f= 470: MHz) 
(Vec = 12.5 Vde, Poyt = 10 W, I¢(max) = 1.33 Adc, 2N5946 
f = 470 MHz) 


Collector Efficiency 
(Vcc = 12:5 Vdc, Poyt = 2.0 W, Ic(max) = 240 mAdc, 2N5944 
f = 470 MHz) 
(Voc = 12.5 Vde, Pout = 4.0 W, I¢(max) = 500 mAdc, 2N5945_ 
f = 470 MHz) | _ 
(Voc =12.5 Vde, Pout = 10 W, Ic(max) = 1.3 Ade,  2N5946: 
f = 470 MHz) 7 


“Indicates JEDEC Registered Data 


These devices are available in various packages, such: as a stud- 
less stripline package, TO-39, and also in chip form on beryllium 
oxide carriers for hybrid assemblies. 

For further information, contact your nearest Motorola repre- 
sentative or the factory representative. 


MOTOROLA RF DEVICE DATA 


3-91 


2N5944, 2N5945, 2N5946 


2N5944 
TYPICAL PERFORMANCE DATA 


FIGURE 1 — SERIES EQUIVALENT IMPEDANCE _ FIGURE 2 — OUTPUT POWER versus SUPPLY VOLTAGE 
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*ZOL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 
, Vcc = 12.5 Vdc, Pout = 2.0 W 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER FIGURE 4 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER FIGURE 6 — OUTPUT POWER versus INPUT POWER 
oe fy 
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MOTOROLA RF DEVICE DATA 
3-92 


2N5944, 2N5945, 2N5946 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


2N5945 


TYPICAL PERFORMANCE DATA 


a 


FIGURE 7 — SERIES EQUIVALENT IMPEDANCE | 


an, LTy 
HEHEHE EY 


a 

450 1.2+j13 
one 4+ 519 TH 
tt s10 14+ 19 Lh 


operates at a given output power, voltage and frequency. 
Vcc = 12.5 Vde, Pout = 4.0 W 


FIGURE 9 — OUTPUT POWER versus INPUT POWER 
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FIGURE 11 — OUTPUT POWER versus INPUT POWER 
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Pin, INPUT POWER (WATTS) 


0.6 


3-93 


Pout, OUTPUT POWER (WATTS) 


MOTOROLA RF DEVICE DATA 


FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 


90 10 dW 12 18 1415 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — OUTPUT POWER versus FREQUENCY 


Vee = 12.5 Vde- 


f, FREQUENCY (MHz) 


FIGURE 12 — OUTPUT POWER versus INPUT POWER 


1.75 5 
Pin, INPUT POWER (WATTS) 


2.25 


2N5944, 2N5945, 2N5946 


2N5946 
TYPICAL PERFORMANCE DATA 


FIGURE 13 — SERIES EQUIVALENT IMPEDANCE | FIGURE 14 — OUTPUT POWER versus SUPPLY VOLTAGE 


Ly 
tH f= 470 MHz 
Pin = 2.5 Watts 


EE Noo 
RRR EEE ST EEE 

AE Zou Ferre 
VAX \ Sa 450 3.6 - j1.0 PCE 450 1.34 ji 


ce 510 4.5 — j0.3 +HHOHTHY 510 1.34 j1.3 


Ea yo CT tan ee, 
seees a WY 
eee cesta eceitierssesians 

Cece REEL CrEHHHE ae, 
*ZoL = Conjugate of the optimum load impedance into which the device output 
Operates at a given output power, voltage and frequency. 


Vcc = 12:5 Vdc, Pout = 12 W 


b 
i] 
ae 


LT 
Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 15 — OUTPUT POWER versus INPUT POWER © FIGURE 16 — OUTPUT POWER versus FREQUENCY 


Vec = 12.5 Vde 


Pour, QUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


FIGURE 17 — OUTPUT POWER versus INPUT POWER 
9.0 


Pout, OUTPUT POWER (WATTS) 


5 1.0 45 2.0 2.5 3.0 
Pin, INPUT POWER (WATTS) 


- MOTOROLA RF DEVICE DATA 
3-94 


2N5944, 2N5945, 2N5946 


10-WATT BROADBAND UHF AMPLI@#&H; 


FIGURE 18 


O+12.5 Vde 


, -—€-} RE OUTPUT 
RF INPUT +{ zi} ha) 
02 2s 28g = 
PARTS LIS = = = 7 L1,L3- 3.9 uH Molded Choke MILLER or equivalent 
C1,€2,C4,C13,C140.9-7.0 pF. ARCO 400 or equivalent - pei Rae ete ae ele se ne 
Ciei cs SEE UNELCO Si ecuwelen L5 ae errite Choke VK200 20/4B 
C5.C11 0.1 WE Ceramic 35 V | : : ree 21 22.69 ee Lines (See Template Bo) 
C6,C12. . 680pF ALLEN BRADLEY Feedthru 2. a aees 
Q2  . 2N5946 


~C9,C10  ~—- 1.0 uF, 35 V Tantalum - 2 ate 


FIGURE 19 — OUTPUT POWER versus FREQUENCY 


Vcc = 12.5 Vde 
Pin = 250 mW 


10 W AMPLIFIER PERFORMANCE 


Vec = 12.5 Vde 


Pout, OUTPUT POWER (WATTS) 


440 ~~ 450 ~ 460 470 480 
f, FREQUENCY (MHz) 


PC. Board 3x2x 0.062 Inch G10 Per Template 
« 3” : 7 


MOTOROLA RF DEVICE DATA 
3-95 


3945, 2N5946 


FIGURE 20 — 470 MHz TEST CIRCUIT 


i Circuit 


2N5944- 46 
00 1 A Sag aes 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 21 — 470 MHz TEST CIRCUIT SCHEMATIC 


L2 
L1 TL2 TL3 oe ---- 
__Hfrrvy\—e 4] 7 O—O _—~\ & Vcc 
| od C6 ot cos 
eS adsl) 3 Ie, 7d T 
' fS 
? 50 0 
‘oy a TL1 (Pp ai oy, 
50 © — fs a apes es D.U.T. 
| wy re | TLS | | 
: C1ZB.. q . plat? 22 ee Se Cio J 
C1, C2, C8, C10 — JéWansdn Trimmer, JMC. #5501 _ TL1.— Micro Strip 0.26” x 2.9" Board — 0.062” Glass Teflon 
C3 — 100 pF Unelco 350 Vde J101 ; _ TL2 — Micro Strip 0.055" x 3.9” 2 oz. Cu CLAD 
C4 — 15 pF Unelco - _ - . .TL3 — Micro Strip 0.055” x 2.9” €r = 2.55 
C5 — 680 pF. Allen Bradley Feed- Thru S. we TL4 — Micro Strip 0.26" x 2.9” - 
C6—0.1 uF Monolithic . . . TL5 — Micro Strip 0.50" x 1.2” © 
C7 — 1 uF Tantalum Sprague + 10% 35 Vde- L1 — #18. AWG Wire 0. 750" Long 


C9 — 5 uF Electrolytic 5-25 Vde : L2 — VK200 20/4B 
: ne B1— Ferroxcube Bead, 56-590-65-3B 


MOTOROLA RF DEVICE DATA 
3-96 


MOTOROLA | | | 
2 SEMICONDUCIQ: ayy 
TECHNICAL DATA ae ae 


| 2N5947 


The RF Line 


HIGH FREQUENCY 
_ TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


oer designed specifically for broadband applications requiring low 
cross-modulation distortion and low noise figure. Characterized for 
use in CATV applications. The 2N5947 was formerly the MM8012. 


@ Low Cross Modulation Distortion = 
XM = -57 dB (Max) @ +50 dBmV Output 
@ Low Noise Figure — @ f = 200 MHz | | 
NF (Narrowband) =3.8 dB (Typ) 
NF (Broadband). = 8.5 dB (Max) 
@® High Broadband Power Gain — 
Gpe = 10 dB (Min) @ f = 250 MHz 


or 
a oe 
ee 


*MAXIMUM RATINGS. 


STYLE 1: 
PIN 1. EMITTER 
.2. BASE 
3. EMITTER 
4. COLLECTOR 


Total Device Dissipation @ Tc = 25°C. - 
Derate above 25°C Dar: 


Storage Temperature Range ; 


"Indicates JEDEC Registered Data, 


CASE 244A-01 


MOTOROLA RF DEVICE DATA 


eTRICAL CHARACTERISTICS Tas 25°C unless otherwise noted) 


Characteristic 


‘F CHARACTERISTICS 


Collector-Emitter Breakdown Voltage — VIBR)CEO 
(1c = 20 mAdc, Ig = 0) 


| Collector-Base Breakdown Voltage a Vente 
a (ic = 10 30 wAdc, le a G} 


| Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(Ve = 100 wbde, Io =) 


“Collector Cutoff Current | ICEO mde 
| (Vce = 28 Vdc, pg = 0) 
Coilector Cutoff Current ICBO Adc 
(Vcpg = 20 Vdc, tg = 0) 
Emitter Cutoff Current: jEBO uAdc 
i (Vge = 3.5 Vde, tc = 0) . 


ON CHARACTERISTICS 


| OC Current Gain 
(I¢ = 75 mAde, VcgE = 20 Vdc) 

Collector-Emitter Saturation Voltage am 
Ce 200 mAdc, B= 20 mAdc) 


DYNAMIC CHARACTERISTICS 


| Current-Gain — Bandwidth Product (Figure 3) 
(lc = 75 mAdc, VcgE = 20 Vdc, f = 200 MHz) 
Collector-Base Capacitance (Figure 4) 
(Vp = 30 Vdc, Ig = 0, f = 100 kHz) 
| Emitter-Base Capacitance (Figure 4) 
(Veg = 0.5 Vde, Ic = 0, f = 100 kHz) 


| Small-Signal Current Gain 
(to = 75 mAdc Vac = 20 Vde, f = 1.0 kHz) 


heeds OF ad aw ey 


“Collector-Base Time Constant 
(IE = 75 mAdc, Vcg = 20 Vde, f = 31.8 MHz) 


Noise Figure 
(1c = 50 mAdc, Vcg = 20 Vde, f= 200MHz) - (Figure 1) 


(Ic = 50 mAdc, Vege = 20 Vdc, f = 200 MHz) (1) (Figure 2, 9) 
(Il¢ = 75 mAdc, VcgE = 20 Vdc, f = 200 MHz) (1) (Figure 2, 9) 
FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 2) 
-(I¢ = 75 mAde, Veg = 20 Vdc, f = 250 MHz) 


intermodulation Distortion (Figure 2, 10) 
(tc = 75 mAdc, Voge = 20 Vdc, Vout = +50 dBmv) 


Cross Modulation Distortion (Figure 2, 11) 
(Ic = 75 mAde, Vg = 20 Vde, Vout = +50 dBmV) 


*Indicates JEDEC Registered Data. ; 
(1) Includes noise figure of BOaemp ner and matching oo 


FIGURE 1 — NABROWBAND TEST CIRCUIT 
i) C13 


5022 
OUTPUT 


c4 
on : . 
vee C1, C2 0.5-6.0 pF L4 #30 AWG Trifilar Wound 
= 14 T C3, C7 1500 pF Underwood 1:9:9 Stackpole 57-0985, #11 Torcid 
= C4,C5,C8 0.01 uF 
C1, C2,C3 1.0-20 pF ‘ . C6 470 pF L5 Ferrite Choke, 3 Turns #30 on 
C4,014,C15  1.0-10 pF a 7 12 1-1/2 Turns AWG #18, 1/4°1.D., ul 3 Turns #20 AWG, 5/32" 1.D. Stackpole 57-0156 Bead 
C5, 8, C9 470° pF ae . 3/16” Long L2 0.84 wH, Ohmite 2235 R1 20 Ohms 
C6,C10,C1? = 0.001 uF L3 “9.3/4 Turns AWG #18, 3/16" 1.D., L3 § Turns #26 AWG, 5/32” 1.0. R2 68 Ohms 
7,013 O.0luF.. * : 1” Long R3 150 Ohms 
C12 0.1 pF Tapped 1-3/4 Turns from Collector End R4 360 Ohms 
LI 3 Turns AWG #18, 1/410. L4,L5 0.47 wH Molded Choke : 


7 5/16" Long Rt, R2 10 Ohms 


MOTOROLA RF DEVICE DATA 
3-98 


2N5947 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT — . = FIGURE 4 — CAPACITANCES 
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0.1 0.2 0.3 0.5 0.7 1.0 2.0 . 3.0 5.0 7.0 10° 20 “30 40 
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FIGURE 5 ~ COLLECTOR-EMITTER SATURATION VOLTAGE FIGURE 6 — BASE-EMITTER SATURATION VOLTAGE 
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FIGURE 7 — NARROWBAND NOISE FIGURE versus CURRENT FIGURE 8 — BROADBAND NOISE FIGURE versus CURRENT 
90 f= 200 MHz | Vee =20 Vde © 
Rs <50 Ohms f= 200 MHz .., 
8.0 


NOISE FIGURE (dB) 


Poot 


Ic, COLLECTOR CURRENT (mAdc) . Le, COLLECTOR CURRENT (mAdc) 


‘MOTOROLA RF DEVICE DATA 
3-99 


_ FIGURE 9 — NOISE FIGURE TEST SETUP 


é-FIGURE VHF NOISE AMECIEIER MINIMUM. 200 MHz 
: UNDER NARROWBAND 
METER DIODE LOSS PAD 
H-P 342A HP 343A TEST 5.7 dB AMPLIFIER 
(FIGURE 2) (50 dB GAIN) 


NOTE 1, RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 
#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, ISA 
QUARTER-WAVELENGTH AT 200 MHz (APPROX. 11 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIQDE TO AMPLIFIER UNDER TEST. 


THE NOISE FIGURE OF THE POST-AMPLIFIERS AND MINIMUM LOSS 
PAD IS 8.4 dB. 


FIGURE 10 — INTERMODULATION DISTORTION TEST SETUP 


CHANNEL 2 
GENERATOR 


ADJUSTABLE AMPLIFIER ADJUSTABLE 10 dB FIELD 
- COMBINER ATTENUATOR UNDER TEST ‘ATTENUATOR en ere STRENGTH 
#1 (FIGURE 2) #2 METER 


CHANNEL G 
GENERATOR © 


CHANNEL 13 | 
GENERATOR MEASUREMENT PROCEDURE 
|. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 3 TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 
AMPLIFIER (CHANNELS G & 130FF). “WITH CHANNELS 2 &G. MEASURE THE LEVEL OF INTERMODULATION 
Sie SOATIEALR CUIANWE Lt te GEC ANCOR OEE DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 


NOTE FOR REFERENCE THE FIELD. STRENGTH METER READING FOR - 
CHANNEL 13 (2 &G OFF). 


CROSS-MODULATION| - | ADJUSTABLE. AMPLIFIER ADJUSTABLE ee 


MENT TEST ATTENUATOR 
EQUIPME ATTENUATOR UNDER 2 JERROLD 


ree 1 iGURE 2 ire ee 
MODEL 7224 # (FIG ) | m | | MODEL 7048 | 


MEASUREMENT PROCEDURE 


1, ADJUST THE CROSSMODULATION EQUIPMENT FOR +50 dBmV OUTPUT 3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13, USING 
FROM EACH'CHANNEL. THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 GEaIMs 


FIGURE 12 — CROSS MODULATION DISTORTION FIGURE 13 — CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL . versus CUR RENT 
-35 
VCE = 20 Vdc_ ie VCE = 20 Vde _ 
Channel 13 : Channel -13 
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OUTPUT LEVEL (dBm) Ic, COLLECTOR CURRENT (mAdc) 


MOTOROLA RF DEVICE DATA 
3-100 


100 


MOTOROLA 


2 SEMICONDUCQR 
TECHNICAL DATA | 


| The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 
300 MHz. 


® Specified 12.5 Voit, 175 MHz Characteristics — 
. Output Power = 4.0 W 
Minimum Gain = 12 dB 
Efficiency = 50% . : 
@ Characterized with Series Equivalent Large-Signal Impedance 
Parameters . 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (2) 
Derate above 25°C . 


*Indicates JEDEC Registered Data. 

(1) For repeated assembly use 5 in Ib. 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


MOTOROLA RF DEVICE DATA 


3-101 


2N6080 


4.0W —175MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


SEATING PLANE 
. WRENCH FLAT 


_ STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


es MILLIMETERS | INCHES | 
| MIN | 3 


CASE 145A-09 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Vge = 0) 


| Emitter-Base Breakdown Voltage | V(BR)EBO id 
(le = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current mAdc 
(VcE = 15 Vdc, Vpe = 0, Tc = +55°C) 
Collector Cutoff Current ICBO 0.25 mAdc 
(Vog = 15 Vdc, Ie = 0) - 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.25 Adc, Vce = 5.0 Vdc} 


DYNAMIC CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vdc 
| = (I¢ = 10 mAdc, |p =.0) 


Output Capacitance 
(Vcp =15 Vdc, IE = 0, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain . 
(Pout = 4.0 W, Voc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency _ _ 
(Pout = 4.0 W, Vec = 12.5 Vde, f - 175 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


' C1,C6 ~ 5.0-80 pF, ARCO 462 or equivalent 

C2,C5 9.0-180 pF, ARCO 463 
C3) 7.0 pF 
L125 nH, 1 Turn #18 AWG, 1/4” Length, 1/4” |.D. 
L2 Ferrite Choke VK-200 20/4B Ferroxcube 

* L3 150 nH, 8 Turns #18 AWG, 3/4” Length, 3/16” 1.D. 
14 30 nH, 1-1/2 Turns, #18 AWG, 1/4” Length, 1/4’ 1.0. 
R1 330 Ohms 


+ 


12.6. Vde 


L1 
RF INPUT 


MOTOROLA RF DEVICE DATA 
3-102 


2N6080 


Pout, OUTPUT POWER (WATTS) 


Pout, QUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pin = 250 mW 
f = 175 MHz 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 — OUTPUT POWER versus FREQUENC\ 
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Pout, OUTPUT POWER (WATTS) 


LVL | 


f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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poren actin 
| SAR ouetue 11.30 -4.85 
OSA EEE | 11.94 -4.13 
OD veeue 12.50 -3.50 
Axon 180 MHz 
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*Zo_ = Conjugate of the optimum load impedance into which the device output 
Operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 


Q_ANA 


AAS ns SC SAS PDS St A A SSR: 


A 


SAL DATA 


~ ... designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in commercial and industrial equipment operating to 


300 MHz. 


© Specified 12.5 Volt, 175 MHz Characteristics — 


_ Output Power = 15 W 
Minimum Gain = 6.3 dB 
Efficiency = 60% 


Parameters 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


*Indicates JEDEC Registered Data for 2N6081. 


NPN SILICON RF POWER TRANSISTORS 


® Characterized with Series Equivalent Large-Signal Impedance 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


(2) For repeated assembly use 5 in. Ib. 


MOTOROLA RF DEVICE DATA 


3-104 


2N6081 


MRF221 


15 W — 175 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


2N6081 


STYLE 1: 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOR 


DIM | MAX | MIN’ | MAX 


02 
5.46 


ro 
er: 
CASE 145A-09 


PIN 1, EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS 
| MIN | MAX | MIN 


24.38 0.960 
9.40 


CASE 211-07 


2N6081, MRF221 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) = ti 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BRICEO 
(Ic = 20 mAdc, Ig = 0) = 

‘Collector Cutoff Current IcES 
(VcE = 15 Vde, Vege = 0, Tc = +55°C | 

Collector Cutoff Current IcBoO | mAdc 
(Vcpg = 15 Vde, Ie = 0). | 


| Collector-Emitter Breakdown Voltage . 
(Ic = 10 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 
(ig = 2.0 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain a 
(Ic = 0.5 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vog = 15 Vde, Ie = 0, f = 0.1 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain. 
(Pout = 15 W, Voc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 
(Poyt = 18 W, Voc = 12.5 Vde, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6081. eee a 


FIGURE 1 — 175 MHz TEST CIRCUIT 


1000 12.5 Vde 


SHIELD 


RF 
I OUTPUT 
RF 
INPUT 
C1,2,3,4 5.0-80pF ARCO 462 = 12. 1 Turn, #14 AWG, 3/8” 1D, Length Plus Leads = 1” 
L1 Straight Wire, #14 AWG, RFC VK200-20/48, FERROXCUBE. 
1-3/8" Long 


MOTOROLA RF DEVICE DATA 
3-105 


221 


URE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Vee = 12.5 Vde | 


na AAS i H i 
15} i 
! Pal | 


Pe cts re co (| 
ae aa ee ae 
| | | | Veco = 12.5 Vde 
oe a ae a -+— 
a a | 

0| ae 
os 1.0 2.0 3.0 4.0 eas 


Pin, INPUT POWER (WATTS) 


Pe, 
ee 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWEh , 


f, FREQUENCY (MHz) 


FIGURE 4 ~ OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


1.64 +0.15 
1.73 +0.44 
1.80 +0.76 
1.92 +1.00 
2.02 +1.31 
2.12 +1.62 


Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


*Zo_ = Conjugate of the optimum load impedance into which the device output | 
Operates at agiven output power, voltage and frequency. 


| MOTOROLA RF DEVICE DATA 


3-106 


MOTOROLA 


= SEMICONDUCTOR xox 
TECHNICAL DATA — 


The RF Line 


25 W — 175 MHz 

_ RF POWER | 

TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


. designed for 12.5 Volt VHF large-signal amplifier applications 


required in commercial and industrial equipment operating to 
300 MHz. . 


e Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 25 W 
Minimum Gain = 6.2 dB 
Efficiency = 65% 


*MAXIMUM RATINGS 


STYLE 1: 
_Rating PIN 1, EMITTER 
2. BASE 
3, EMITTER 
4, COLLECTOR 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C(2) | . [fart se se [om os 
Derate above 25°C 228 | 9570 | 0.386 | 


Storage Temperature Range Tstq —65 to +200 
Stud Torque(1) | -— [| 6s | 


“Indicates JEDEC Registered Data for 2N6082. © 
(1)For Repeated Assembly Use 5 in. lb. 


(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


3.35 | 0.098 | 0,132 


“MOTOROLA RF DEVICE DATA 


3-107 


CAL CHARACTERISTICS (Tc'= 25°C unless otherwise noted). 


Characteristic 
sRACTERISTICS 
w-Emitter Breakdown Voltage 
, = 100 mAdc, |g = 0) 
sctor-Emitter Breakdown Voltage 
(in = 15 mAdc, Voc = OG) 
mitter-Base Breakdown Voltage 
(ic = 5.0 mAdc, ic = 0) 
|Collector Cutoff Current 
(VcE = 15 Vde, Vee = 0, Tc = +55°C 
| Collector Cutoff Current 
(Vcg = 15 Vdc, te = 0) 
ON CHARACTERISTICS 


DC Current Gain | 


[Swot [win [Te [Mex [Unt 


V(BR)CES 


V(BR)EBO 4.0 | _ — Vdc 


(Ic = 1.0 Adc, Veg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, Ig = 0, f= 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 25 W, Vcc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 


(Pour = 25 W, Vcc = 12.5 Vdc, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6082. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


C1,2,3,4 5.0-80 pF ARCO 462 - L2 1 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1” 
. L1 Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/4B, FERROXCUBE. 


MOTOROLA RF DEVICE DATA 
3-108 


2N6082 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY \ 


a 7) 
g E 
= = 
cc = 
oO = 
a. [o) 
ke a 
2 K 
a a 
> Ee 
oO D> 
- oO 
3 - 
a 3 

a 

5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 
Pin, INPUT POWER (WATTS) _ . Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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LNSNOdGWOD SONVLSIS3AY 


TT Jel 
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OO DTT 15 +1.87 
SOAS aa iTtte ds a DPR INC? 
*Zo_ = Conjugate of the optimum load impedance into which the device output 


operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
| 3-109 


A 
QNBYCTOR on 
|  2N6083 


The RF Line 


RF POWER 
TRANSISTOR 
NPN SILICON 


| | 
| 7 : | 
30 W — 175 MHz | 
| 


~ NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
required in commercial and industrial equipment operating to | 
300 MHz. | . 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power=30W  — 7 
Minimum Gain = 5.7 dB - 
Efficiency = 65% 


. SEATING PLANE 
WRENCH FLAT 


*MAXIMUM RATINGS ee | | 
| Value [| Unit | 
Vv 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C(2) 
Derate above 25°C 


Storage Temperature Range 
Stud Torque(1) 


*tndicates JEDEC Registered Data for 2N6083. 
| (1)For Repeated Assembly Use 5 in. Ib. 
| (2)These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4, COLLECTOR 


laa 


| 7.59 | 7.80. | 0.299 | 0.307 
| 0.158. | 0.178 
0.083 | 0.100 | 


249 3.35 0.098 0.132 
CASE 145A-09 


n 
_ 
= 


MOTOROLA RF DEVICE DATA 


3-110 


2N6083 


*ELECTRICAL eee (Tc = 25°C unless otherwise noted.) 


Collector- Eaiiter Breakdown Voltage 
Gs = 100 mAdc, 1B = 0) 


(I¢ = 15 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage 
(Ie. = 5. 0 mAdc, lc = 0) 
Collector Cutoff Current 
(VceE = 15 Vde, Veg = 0, Te = +55°C) 
Collector Cutoff Current 
| (Veg = 15 Vde, IE = 0) 
ON CHARACTERISTICS 
DC. Current Gain 
(I¢ = 1.0 Adc, Veg = 5. 0 Vae) 
DYNAMIC. CHARACTERISTICS coe 
Output Capacitance 
(Vep = 15 Vdc, le = 0, f = 0. 1 MHz) - 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

(Poyt = 30 W, Voc = 12.5 Vde, f = 175 MHz) 
Collector Efficiency 

(Pout = 30 W, Vcc = 12.5 Vde, f =175 MHz) 


* Indicates JEDEC Registered Data for 2N6083._ 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


= C1,2,3,4 5.0-80pF ARCO 462 | L2 1Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1" 
Li Straight Wire, #14 AWG, 1-3/8" Long RFC - VK200-20/48, FERROXCUBE. 


MOTOROLA RF DEVICE DATA 
3-111 


2N6083 


FIGURE 2 — OUTPUT POWER versus INPUT POWER _ | FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
a (a 2 a . mi 
a Pe | | 126 Mitz 1150 Miz +35 Me e Fin = 60 
Ee. : _ ae =, aay = 175 MHz 
. Eo th A ee 7 225 MHz S 
1 ; b= ce 
eA) | 
ELA ear - 
= | A va . = 
= Vf -| A 3 
ean SS sen el Voc = 12.5 Vde 5 
Br OY | (/ | i | : f es o 
ed Te a 
2.0 4.0 6.0 8.0 10 . 
| Pin, INPUT POWER (WATTS) - : Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE . 


2 
0-°"FOWAR 
a) ANGLE 


een 


1.32 +1.22 
1.29 +1.30 
1.25 +1.45 
1.20 +1.60 
1.15 +14.75 
1.15 +1.87 


SOS 
"Zol = Conjugate of the optimum load impedance into which the device output 
. Operates at a given output power, voltage and frequency. : 


- MOTOROLA RF DEVICE DATA 
3-112 


MOTOROLA 
@ SEMICONDUCQRQR I 
TECHNICAL DATA et a 


— -.2N6084 


_— MRF224 


oY The RE Line 
| | 40 W — 175 MHz. 
RF POWER - 
TRANSISTORS 
ee te. : | : NPN SILICON’* 
NPN SILICON RF POWER TRANSISTORS | es 


... designed for 12.5 Volt VHF large-signal amplifier applications 2N6084 
required in ‘commercial: and industrial equipment operating to 


300 MHz. 


© Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 40 W 
Minimum Gain = 4.5 dB 
Efficiency = 70% 


STYLE 1: 
PIN 1. EMITTER - 
2. BASE 
3, EMITTER 
4, COLLECTOR 


= 


MILLIMETERS INCHES 
[MIN | MAX | MIN | MAX 


0.385 


ical FS | 


9/S/(- RC [MiO | ojo 


2.54 | 0.083 


0 
3.35 | 0.098 | 0.132 


*MAXIMUM RATINGS | . | 
J Rating 


Emitter-Base Voltage 


MRF 224 


Collector Current — Continuous 


Total Device Dissipation @ T¢ = 25°C(2) 
Derate above 25°C 


Storage Temperature Range -—65to +200} °C . 


ea STYLE 1: 


ea a a | PIN.1, EMITTER 
; 2BASE . 
Saal aioe \E a tt MER 
F ° SEATING PLANE 4, COLLECTOR 


*Indicates JEDEC Registered Data for 2N6084. 
| (1)For Repeated Assembly Use 5 in. Ib. 

| (2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


CASE 211-07 


MOTOROLA RF DEVICE DATA 


3-113 


2N6084, MRF224 


*ELECTRICAL eHAnaC En Sits (Tc = 25°C uniess otherwise noted). 


aoe anne eee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(1¢ = 100 mAdc, 1g =0) | | 


| Collector-E mitter Breakdown Voltage _ | V(BR)CES 
i fia = PO mAd?S Vee - i ; E 
fe eee Pe iets ea Ae eee i Reames! 
i mitter-Base Breakdown Voltage V(BR)EBO =} — Vde | 
(la - 19m Adc, 1c 7 O} : : i i Hl 
ico llactar att Current a ICES 10 mAdc 


Cee = 15 Vdc, Veg = 0, Te = +55°C) 


Coiiector Cutoff Current . ICBO | 25 ate ot 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


| DC Current Gain 


(lc = 1.0 Adc, Vog = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f= 0.1 Mz) 


FUNCTIONAL TEST . 


Common-Emitter Amplifier Power Gain 

(Pout = 40 W, Voc = 12.5 Vdc, f = 175 MHz) 
Collector Efficiency 

(Pout = 40 W, Vcc = 12.5 Vdc, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6084. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vdc 


RF 
OUTPUT _ 


C1,2,3,4 5.080 pF ARCO 462 L211 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1” 
LI Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/4B, FERROXCUBE. 


MOTOROLA RF DEVICE DATA 
3-114 


2N6084, MRF224 


FIGURE 2 — OUTPUT POWER versus INPUT POWER | “ FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE ; 


o a 
eB 40 : 
= = 
Oo = 
= 30 & 
> — 
rai — 
= = 
: GZ, 2 
3 , 20 rae 3 
PM LA : 
(| 
Ae ae 
10 /. 
0 20 40 60 80 0 12 #14 #14 #18 ~« 20 50 60 70 80 90 0 1 12 «#2213 «214~«*295 
Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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SOX AE eaee fea Ppt Rear 


- *Zo, = Conjugate of the optimum load impedance into which the device output * 
operates at a given output power, voltage and frequency. 


MOTOROLA RE DEVICE DATA 


3-115 


MOTOROLA | 
ae mit ico dada Ronee RC Sine orc ene eta ne 
TECHN AL DAT ONGIEG 


100 WATTS — 150 MHz 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


| 
RF POWER | 
| 


... designed for VHF power amplifier applications in military and in- 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 200 MHz 


@ Specified 28-Volt, 150-MHz Characteristics — 
Output Power = 100 Watts 
Minimum Gain = 6.0 dB 
Efficiency = 60% 


@® Specified 13.5-Volt, 150 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 4.5 dB 


@ Parallel lmnedance Characterization 


*MAXIMUM RATINGS . 7 re 


ea 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 


Total Device Dissipation @ Tc = 25°C (1) 4, COLLECTOR 


Derate above 25°C 
1, 211-06 OBS, NEW STD 211-10 FOR REFERENCE, 
SEE ISSUE “F", 


MILLIMETERS INCHES _| 
| MAX | 


| MIN | 


w 


G2 [Bs | 1S] 190 1S [N9 [Oo [oD [Nd IC 
oa}; |= 
Ro) jco 


2.92 
(1) This device is designed for RF operation. The total device dissipation rating applies 


only when the device is operated as an RF amplifier. 


MOTOROLA RF DEVICE DATA 


3-116 


2N6166 


* ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


characterise Lsymbot Tin Tae nit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 35 
(Ic = 200 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage | V(BRICES 65. . Vde 
(\¢ = 200 mAdc, VgeE = 0) "eg fee 
Emitter-Base Breakdown Voltage i -V(BRIEBO 
(le = 10 mAdc, Ic = 0) , 


Collector Cutoff Current ICES 
(VcE = 30 Vdc, Veg = 0, Tc = 55°C) ; 


Collector Cutoff Current 
(Vcp = 30 Vdc, I¢ = 0) 


ON CHARACTERISTICS 


| DC Current Gain . 
(I¢ = 500 mAdc; Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(P out = 100 W, Vcc = 28 Vdc, 


'c (Max) = 5.95 Adc, f = 150 MHz) 
Common-Emitter Amplifier Power Gain 

(Pout = 30 W, Vcc = 13.5 V, f = 150 MHz) 
Collector Efficiency 

(P out = 100 W, Vcc = 28 Vdc, 

Ic (Max) = 5.95 Adc, f = 150 MHz). 


FIGURE 1 — 150 MHz TEST CIRCUIT 


INPUT 


~ -L1 1%" #16 AWG, Straight 


L2 #16 AWG pe DIA %” 
C1, C6 2.7-30 pF, Arco 461 or Equivalent . n| | 
C2, C5 9.0-180 pF, Arco 463 or Equivalent 
C3 100 pF Underwood —m| — yt" ~- 
C4 25 pF Underwood 
C7 0.01 uF Ceramic Disc L3 1/8’7 Wide Copper Strap 
C8 0.1 uF Ceramic Disc DIA &" 
C9 2400 pF Button y," 
C10 5.0 pF/50 V | 
RFC 0.15 wH J. W. Miller 
BEAD: FERROXCUBE 56-590-65-3B a wR" | ne — 


MOTOROLA RF DEVICE DATA 
3-117 


ZNOTO6O 


OUTPUT POWER versus FREQUENCY 


FIGURE 2 — Vcc = 28 Vde FIGURE 3 —Vcc = 13.5 Vde 


Pout, QUTPUT POWER ('‘WATTS; 


Pout, QUTPUT POWER (WATS) 


100 125 150 175 200 100 “495 150 i | 200 
f, FREQUENCY (MHz) | f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 - OUTPUT POWER versus SUPPLY VOLTAGE 
120 , 


= 150 MHz 


Vcc = 28 — 


as 


+ SS 4 
80 ——-+ ——-+} 
ms _ ia 
. ik Vec=13.5V 


100 


LI 


¢-——— 


Pout, QUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 


5.0 10 15 20 25 


Pin, INPUT POWER (WATTS) Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — PARALLEL EQUIVALENT INPIIT RESISTANCE 
versus FREQUENCY 


RESISTANCE, (QHMS) 


Rin, PARALLEL EQUIVALENT INPUT 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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2N6166 


~ FIGURE 7 — PARALLEL EQUIVALENT INPUT SAE BCITANCE 
versus FREQUENCY 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


3-119 


MOTOROLA 


TECHNICAL DATA | oe 2N6304 


2N6305 


| The RF Line | | 


1.4 GHz @ 10 mAdc — 2N6304 
1.2 GHz @ 10 mAdc — 2N6305 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


, desigired for use as low-noise, high-gain, general-purpose amplifiers. 


® High Current-Gain — Bandwidth Product — 
fT = 1.4GHz (Min) @ Ic = 10 mAde — 2N6304 
= 1.2 GHz (Min) @ Ic = 10 mAdc — 2N6305 


® Low Noise Figure — | a 
NF = 4.5 dB (Max) @ f = 450 MHz — 2N6304 
= 5.5 dB (Max) @ f.= 450 MHz — 2N6305 

@ High Power Gain — | 
Gpe = 15 dB (Min) @ f = 450 MHz — 2N6304 
= 12 dB (Min) @ f = 450 MHz — 2N6305 


Collector-Emitter Voltage 
1.0 to 20 mAdc 


Collector Current Continuous 


Total Continuous Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


SEATING ie 
PLANE 


*Indicates JEDEC Registered Data. 


FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 


EMITTER 
BASE 
COLLECTOR 


fa ; 


Capacitance values in pF 
p MEP O VEE = -7.5 Vde 


L1, L2 ~ Silver-plated brass rod, 1-1/2” long and 1/4” dia. {nstall (C)} Apply VEE, and with signal generator adjusted for 5 mV 
at least 1/2” from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 
L3 - 1/2 turn #16 AWG wire, located 1/4" fram and maximum output. 
parallel to L2. Interchange connections to signal generator and 
* — External interlead shield to isolate collector lead from RF voltmeter. 
emitter and base leads. With sufficient signal applied to output terminals of 
Neutralization Procedure: amplifier, adjust C2 for minimum indication at input. 
(A) Connect 450-MHz signal generator (with Rg = 50 ohms) Repeat steps (A), (B), and (C) to determine if retuning 
to input terminals of amplifier. Is necessary. 
(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


MOTOROLA RF. DEVICE DATA 


3-120 


2N6304, 2N6305 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) | 


set [oe |e [ae [oa 


V(BR)CBO 


Pe ieeses 


Characteristic 


OFF CHARACTERISTICS 


“| Collector-Emitter Breakdown Voltage 
(Io = 5.0 mAdc, Ip = 0) 
_| Collector-Base Breakdown Voltage 
(lc =0.1 mAdc, l— =O) - 
Emitter-Base Breakdown. Voltage 
Ale =0.1'mAde, IC =0) ~ 

Collector Cutoff-Current 
(VcB = 5.0 Vde, Ip =0) © 


ON CHARACTERISTICS _ 


DC Current Gain 
(I¢ =2.0 mAdc, VCE = 5 0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 2N6304 
(Ic = 10 mAdc, Veg - 5.0 Vde, f - 100 MHz) 2N6305 


Collector-Base Capacitance _ 

(Vcp = 10 Vde, Ie =0,f = 1.0 MHz) 
Small-Signal Current Gain 

(Ic = 2.0 mAdc, VcE = 5.0 Vdc, f=1.0 kHz) 


Collector-Base Time Constant , 2N6304 
(lg. = 2.0 mAdc,.Vcg = 5.0 Vdc, f = 31.8 MHz) 2N6305. 


Noise Figure 
(Ig = 2.0 mAdc, VcE = 5.0 Vde, Rg = - 50 ohms, | os 
f = 450 MHz) 2N6304 
(Figure 1) | , oe 2N6305 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain — . 
(Ic: = 2.0 mAdc, VcE = 5.0 Vde, f = 450 MHz) 2N6304 
(Figure 1) 2N6305 


*tndicates JEDEC Registered Data. 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


Cop, COLLECTOR-BASE CAPACITANCE (pF) 


MOTOROLA RF DEVICE DATA 
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2N6304, 2N6305 


fT, CURRENT GAIN — BAND WIDTH 


ye, REVERSE TRANSFER ADMITTANCE (mmhos) 


~w 
xr 


T (W 


PRODUC 


yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 3 — CURRENT-GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 
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FIGURE 5 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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MOTOROLA RF D 
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thCc, COLLECTOR-BASE TIME CONSULTANT (ps) 


yoe, OUTPUT ADMITTANCE (mmhos) 


FIGURE 4. — COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 
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FIGURE 6 — INPUT ADMITTANCE 
versus FREQUENCY. 
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FIGURE 8 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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EVICE DATA 
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FIGURE 9 — S41, INPUT REFLECTION 
COEFFICIENT 
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FIGURE 12 — S91, FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 13 — S741, INPUT REFLECTION COEFFICIENT AND $22, 
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MOTOROLA RF DEVICE DATA 


3-124 


MOTOROLA 
- —-2NG439 


Oo The RF Line ~~. 


NPN SILICON RF POWER TRANSISTOR 


60 W — 225—400 MHz 


CONTROLLED “Q” | 
BROADBAND RF POWER | 
| 2 TRANSISTOR 
... designed primarily for wideband large-signal output amplifier . NPN SILICON 
stages in the 225-400 MHz frequency range. . oe 


® Guaranteed Performance in 225—400 MHz Broadband Amplifier 
@ 28 Vdc — _ 
Output Power = 60 Watts over 225—400 MHz Band 
Minimum Gain = 7.8 dB @ 400 MHz 


® Built-In Matching Network for Broadband Operation Using 
Double Match Technique 


@® 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Collector-Emitter Voltage 330 Vdc 
Collector-Base Voltage. . 60 
Emitter-Base Voltage , 4. 


Total Device Dissipation @ Tc = 25°C (1) 
’ WwW 


Derate above 25°C 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
NOTE: 4. BASE 


FLANGE JS ISOLATED IN ALL STYLES. 
MILLIMETERS INCHES 
N 


(1) These devices are designed for RF operation. The total device dissipation rating 
applres only when the devices are operated as RF amplifiers. 


‘MOTOROLA RF DEVICE DATA 


3-125 


2N6439 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbat [ain [tee 


OFF. CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 50 mAdc, Ip = 0) 


i ; re 
i 


Coliecior-Eimitier Breakdown Voiiage V(BR)CES i 60 Vac 


(ic = 50 mAdc, Vee = 0) 
s Greakdown Voltage V(BR)EBO 4.0 _ Vde 


Collector Cutoff Current ICBO mAdc 
(Vcp = 30 Vdc, ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 


|  (Il¢ = 1.0 Ade, Vee = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcp = 28 Vdc, IE = 0, f = 1.0 MHz) 
BROADBAND FUNCTIONAL TESTS (Figure 6) 
Common-Emitter Amplifier Power Gain 

(Voc = 28 Vdc, Poyt = 60 W, f = 225-400 MHz) 
Electrical Ruggedness 


(Pout = 60 W, Vcc = 28 Vdc, f = 400 MHz, VSWR 30:1 
all phase angles) . 


NARROW BAND FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vic = 28 Vdc, Poys = 60 W, f = 400 MHz) 


FIGURE 1 — 400 MHz TEST AMPLIFIER (NARROW BAND) 


| | c8 | 
= L2 C4 | 


C5 ; : - (5) 
C1 L1 
C C7 c3 C1—-C4,C11 4—40 pF 
| Ls c5—C8 33 pF 
C6 = c9 1000 pF 
cia C2 L3 7 . = = C10 5.0 pF 
Le R1 16 2 
= L1, L2 3/16"' x 1’ Copper Strap 
= = ) L3 15uH | 
L4 10 LH 
R1 L4 L5 1 Turn #16 AWG, 5/16” |.D. 


| 
< 
2) 
(9) 
N 
0 
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MOTOROLA RF DEVICE DATA 
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2N6439 


NARROW BAND DATA . 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — Pout versus FREQUENCY 
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(SLLVM) HAMOd LNdino 3% 


Pi,, INPUT.POWER (WATTS) —— 


f, FREQUENCY (MHz) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE | 


FIGURE 4 — POWER-GAIN versus FREQUENCY 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


COOKE 
CCRC 
CCECCTENKT. 
SROGSSER\\ 


(SLLVM) H4MOd LNdino y 


oP 
STAAL TT, 
NA 


Voc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


3-127 


2N6439 


FIGURE 7 — 225-400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 
R1 


oe s i “a O V 
+ RFC1 + ce 
1 po" pore 


L1 L2 s 


A C12 
, 
ci : 0.5 ‘nm! 
J a— 0.8'’ —w | 
) C8 cg ci 
3 C5 C107 
C2 7h ca C6 C7 1 | | 
L3 R2 C17 = Board Material 0.031" Thick Teflon-Fiberglass 
C1 68 pF RFC1 Ferrite Bead Choke, Ferroxcube VK200 19/4B 
C2,C4,C8,C10 27 pF B Ferroxcube 56-590-65/4B Ferrite Bead 
C3, C5, C11 10 pF T1, T2 25 Ohms (UT25) Miniature Coaxial Cable, 1 turn 
C6, C7 51 pF “ RI °11:.2,1W a ; . 
cg 1—10 pF JOHANSON. R2 20 82, 1/4 W 
Ci2 © 100 pF L1 10 Turns, #22 AWG, 1/8” |.D. 
°€13, C15 680 pF L2 4 Turns, #16 AWG, 1/4” |.D.° 
c14,C16 1.0 uF, 35 V Tantalum L3 . 6 Turns, #24 AWG, 1/8” |.D.' 
C17 0.1 uF, ERIE Red Cap - - L4, L5 1° x 0.25” Microstrip Line 
BROADBAND DATA (Circuit, Figure 7) 
FIGURE 8 — POWER GAIN versus FREQUENCY FIGURE 9 — EFFICIENCY versus FREQUENCY 


Gpe, POWER GAIN (dB) 
EFFICIENCY (%) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 10 — INPUT VSWR versus FREQUENCY FIGURE 11 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


WAVE, 
0.0)“ ENGTHS 


INPUT VSWR 


0.7 +j1.6|2.2-j1.8 
0.9 + j2.2|2.1 -j0.9 
2.2 + j2.1| 2.1 - 0.1 


into which the device output operates at a 
given output power, voltage and frequency. 


, ali 
: 8.0.3 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR om 


TECHNICAL DATA okenae = nee | | 
a 2N6603 


The RF Line a 
| _ NF = 2.0dB @ 1.0 GHz 
HIGH FREQUENCY 

TRANSISTOR 
. Oo NPN SILICON 
NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for use in high-gain, low-noise, small signal, narrow and wideband 
amplifiers. Ideal for use in microstrip thin and thick film applications. 


@ Low Noise Figure — . 
NF = 2.0 dB (Typ) @ f = 1.0 GHz 
= 2.9 dB (Typ) @ f = 2.0 GHz 


@ High Power Gain — . 
MAG = 17 cB (Typ) @ f = 1.0 GHz 
= 11 dB (Typ) @ f = 2.0 GHz 


lon Implantation and Gold Metallization 
Metal/Ceramic Hermetic Package 
JAN, JTX, JTXV Available 


*MAXIMUM RATINGS (Ta, = 25°C Free Air Temperature) 


Collector Current—Continuous 
Total Device Dissipation @ Tc = 125°C 
. Derate Above 100°C 


Storage Temperature Range 


*indicates JEDEC Registered Data 


Specification and Package Options 


; ; . COLLECTOR 
Devices using the same die type as the 2N6603: _ EMITTER 


MRF901 — 4 Lead Plastic Macro-T Case 302-01 . BASE 
MRF902 — 100 mil Metal/Ceramic Case 303-01 - EMITTER 
MRF904 — TO-72 
MMBR9O1 — MiniBloc Plastic (SOT-23) TO-236: 


MRFCS901 — Unencapsulated Chip CASE 303-01 


MOTOROLA RF DEVICE DATA 


9 490 


2N6603 


ELECTRICAL CHARACTERISTICS (a= 25°C unless otherwise noted) 


Pn Once | ome | ma 


*OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO | | 
(Ic =1.0 mAdc, Ig=0) a 


Coiiector-Base Breakdown V oaitage V(BR)CBO 25 
(Ig = 0.1 mAdc, ie = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 0.1 mAde, Ic = 2) 


g 
| 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ie =0) 


*ON CHARACTERISTICS 


OC Current Gain 


(ic = 15 mAdc, VcgE = 10 Vdc) 
*DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (1) 
(Vcg = 10 Vde, Ie =0,0.1 MHz < f < 1.0 MHz) 


*FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, I¢ = 15 mA, f = 1.0 GHz—Figure 2) 


Spot Noise Figure (Rg = Optimum—Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(Vege = 10 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 2) (2) 


(VcE = 10 Vde, Ic = 15 mA, f = 2.0 GHz) 
Noise Figure (Rg = Optimum—Figure 2) 
(VcgE = 10 Vdc, Ic = 5.0 mA, f = 2.0 GHz) 


*Indicates JEDEC Registered Data. 


(1) Ceb measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 


the quard terminal of the bridge. ” 
iS21|¢ 


(2) MAG iscalculated from the S-Parameters using the equation MAG = —————_—____— 
(1-184 412)(1-|S99/2) 


FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 
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LP Filter 


MOTOROLA RF DEVICE DATA 
3-130 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE _ FIGURE 3 — OUTPUT CAPACITANCE versus VOLTAGE 
versus FREQUENCY 
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FREQUENCY (GHz) Veg, COLLECTOR-BASE VOLTAGE (Vdc) - 
FIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT _ FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 


versus COLLECTOR CURRENT 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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MOTOROLA RF DEVICE DATA 
3-131 


2N6603 


COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
+j50 +90° 
+120° +60° 
16 

a < 14 a 9A fi 

2 2 03% ., a <0 312 au AQP 
} < e 
00/7 =a 
Mii Soe 42 \ 


‘ ; ° 
. BIN) 


Vee = 10 V, Ip = 15 mA. 
S — PARAMETERS 


MOTOROLA RF DEVICE DATA 
3-132 


MOTOROLA 
Po] SEMICONDUCTOR aaa 
” | 2N6604 


- NF = 2.7 dB @ 1.0 GHz 

HIGH FREQUENCY | 
TRANSISTOR 

NPN SILICON ' 


oe The RF Line | 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for use in high-frequency, low-noise, small-signal, 
narrow and wideband amplifiers. Ideal for use in microstrip thin 
and thick film applications. . 


Low Noise Figure — NF = 2.7 dB (Typ) @ f = 1.0 GHz 


High Power Gain — Gyy(max) = 16 dB (Typ) @ f = 1.0 GHz 
High Current — Specified Performance @ Ic = 30 mA . 
lon Implantation and Gold Metallization . | 
Metal/Ceramic Hermetic Package 


JAN, JTXV Available 


Total Device Dissipation @ Tc = 125°C 
Derate Above 75°C 


*|ndicates JEDEC Registered Data. 


Specifications and Package Options 
Devices using the same die type as the 2N6604: 
MRF911  — 4 Lead Plastic Macro-T Case 302-01 
MRF914 — TO-72 , 
MMBR930 — MiniBloc Plastic (SOT-23) TO-236 | - BASE 
BFR91 — 3 Lead Plastic Macro-T Case 302A-01 ° — 


BFRC91 — Unencapsulated Chip 
| CASE 303-01 


MOTOROLA RF DEVICE DATA 


3-133 


2N6604 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbol Tie [tie [ae [oe 


*OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ig = 1.0 mAdc, Ip = 0) | 


Collector-Base Breakdown Voltage V(BR)CBO: 


fi.=0.1 mAde i- = OF 


fig=s de, ig 7 oO) 
Emitter-Base Breakdown Voltage V(BR)EBO . 3.0 _ _ | Vdc 
Hl ie = S.4 mAGC, 1g 7B i i H i 


* ~ tf ~ ame _ 5 —_ 
| Collector Cutoff Current ICBO 50 nAdc 
(Veg = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


bc Current Gain 
(In = 30 mAdc, Vor = in Vde) 


*DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (1) 
(Vop = 10 Vde, Ig = 0,0.1 MHz < f < 1.0 MHz) 


*FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 2) 
(VcE = 10 Vdc, I¢-= 30 mAdc, f = 1.0 GHz) 
Spot Noise Figure (Rs = Optimum — Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Unilateral Gain (Figure 2) (2) 
(VcE = 10 Vdc, Ic = 30 mAdc, f = 2:0 GHz) 


Noise Figure (Rg = Optimum — Figure 2) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 2.0 GHz) 


*indicates JEDEC Registered Data. 


(1) Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal-of the bridge. 


IS21!? 
(2; Gylmax) is calculated from the S-Parameters using the equation Gylinax} = 


(1-184 412)(1-1So9/2 


FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE = FIGURE 3 — OUTPUT CAPACITANCE versus VOLTAGE 
| versus FREQUENCY : | Ces 3 ee 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
+j50 +909 


Ry ie fa 4 
a | 7 | ey 12 


Vee = 10 V, Ic = 30 mA. 


VCE Frequency 
(Volts) (MHz) 
~ 60 , 
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MOTOROLA | | 
mm SEMICONDUCTOR @ 
TECHNICAL DATA 


| v8 RF TRANSISTOR © 
MAXIMUM RATINGS NPN SILICON 
(RBE =50Q) | ee 


Collector-Base Voltage —_ VCBO 


Emitter-Base Voltage VEBO. |: -: ros 
Collector Current — Continuous fan gS. call 300 ore 


Operating and Storage Junction Ty, Tstg —55 to +150 |. - 
Temperature Range 


THERMAL CHARACTERISTICS 
*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


CASE 345-01, STYLE 1. 
SOT-89 | 
(TO-243AA TYPE). 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS = _ 
Collector-Emitter Breakdown Voltage . : V 
(Ic = 10 mA) — —_ . 
| | | . | | | 


Collector-Base Breakdown Voltage 
(I¢ = 10 pA) 


Emitter-Base Breakdown Voltage 
(IE = 10 yA) 


Collector Cutoff Current 
(VcB = 20V) . 
(VcB = 20 V, Ta = 150°C) 


Emitter Cutoff Current 
(VERB = 1.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mA, VcgE = 5.0 V) 
~. (I¢ = 150 mA, VcE = 5.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mA, Ip = 10 mA). 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 15 V,I¢ = 150 mA, f = 500 MHz) 


Collector-Base Capacitance 
(VcB = 15 V, f = 1.0 MHz) 


Reverse Transfer Capacitance Common-Emitter — 
(VCE = 15 V,i¢ = 10 mA, f = 1.0 MHz) 


(1) Typical only 
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MOTOROLA 


a SEMICONDUCTOR a | 
TECHNICAL DATA 


RF TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


natiiig 


Collector Current — Average 


Operating and Storage Junction 
Temperature Range i 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature CASE 345-01, STYLE 1 


*Thermal Resistance Junction to Ambient Raja 125 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted. ) 


. Characteristic 


OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage 
(l¢ = 10 mA) - 
Collector-Base Breakdown Voltage 
(I¢ = 10 uA) 
Emitter-Base Breakdown voltage 
(IE = 10 wA) 
Collector Cutoff Current 
(VcB = 10 V) 
Emitter Cutoff Current 
(VER = 1.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(i¢ = 50 mA, VcE 
(Ic = 75 mA, VCE 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product, 
(Ic = 50 mA, VceE = 10 V, f = 500 MHz) 
(Ic = 75 mA, Voce = 10 V, f = 500 MHz) 


..Collector-Base Capacitance . 
(Vcgp = 10 V, f = 1.0 MHz) ~ 


Capacitance Emitter-to-Base 
(Veg = 0.5 V, f= 1.0 MHz) 


Reverse Transfer Capacitance Common Emitter. 
(VcE = 10 V, Ic = 10 mA, f = 1.0 MHz) 


Noise Figure 
(I¢ = 50 mA, Ver = 10 V, f = - 500 MHz) 
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_ MOTOROLA 
a2 SEMICONDUCTOR s& 
TECHNICAL DATA 


| The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


fr = 5.0 GHz @14mA 


HIGH FREQUENCY 
TRANSISTOR 
... designed primarily for use in high-gain, low-noise, small-signal > 


amplifiers. Also used in applications requiring fast switching times. — NPN SILICON 


@ High Current-Gain — Bandwidth Product a 
fT = 5.0 GHz (Typ) @ Ic = 14 mA 
@ Low Noise Figure — 
NF = 2.4dB (Typ) @ f = 0.5 GHz 
= 3.0 dB (Typ) @ f = 1.0 GHz 


® High Power Gain — 
= 12 dB (Typ) @ f = 1.0 GHz 


MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current — Continuous 
Total Device Dissipation @ Ta = 60°C 
Derate Above 60°C 
Storage Temperature Range a 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Max 
Thermal Resistance Junction to Ambient Raja °C/W 


STYLE 2: 
PIN 1, COLLECTOR 
2, EMITTER 
3, BASE 


Pp, DEVICE DISSIPATION (mW) 


CASE 317A-01 


50 100 150 
Ta, AMBIENT TEMPERATURE (°C) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


symbol | min | tye | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitier Breakdown Valtage V(BR)CEO . i Vde 
(t¢ = 1.0 mAdc, Ig = 0) 15 = = 
 Coliector-Base Sreakdown Voltage | V(BR)CBO | l . | Vdc 
—Emitter-Base Breakdown Voltage V(BR)EBO Vde 
Collector Cutoff Current | ICBO | 
(Veg = 10 Vde, le = 0) — | 50 | 


ON CHARACTERISTICS 
DC Current Gain 
(Ic = 14 mAdc, VcgE = 10 Vde} 


DYNAMIC CHARACTERTISTICS 
Current-Gain Bandwidth Product 
(Ig = 14 mAde, Vog = 10 Vde, f = 0.5 GHz) 
Collector-Base Capacitance 
(Vop = 10 Vde, Ig =0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure 
(I¢ = 2.0 mMAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) . 


Power Gain at Optimum Noise Figure GNF dB 
~ (Ile = 2.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) = 15 ~ 
(Ic = 2.0 mAdc, Veg = 10 Vdc, f = 1.0 GHz) — 10 — 


Maximum Available Power Gain (1) Gmax 
(Ic = 14 mAdc, Veg = 10 Vde,f=0.5GHz) | mn | 18 | 2 
(Ic = 14 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) — 12 ~ 


IS94/2 


(1) G SS ee 
ee (1-184 412) (I-1S2a!2) 


FIGURE 2 — POWER GAIN AND NOISE FIGURE 3 — POWER GAIN AND NOISE 
FIGURE versus FREQUENCY FIGURE versus COLLECTOR CURRENT 


Gmax, POWER GAIN (dB) 
(GP) 3HNDI4 ISION ‘AN 

Gmax, POWER GAIN (dB) 
(SP) 4UNDId ISION “JN 


Ic, COLLECTOR CURRENT (mA) 
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FIGURE 4 — $4, PARAMETERS 


[Frequency (wisi 200 —_—*| 


VCE 
(Volts)! 


[Freawnoy wri] 00 Tso Taco 
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MOTOROLA 
2 SEMICONDUCTOR mum 
TECHNICAL DATA ; 


ft = 5.0 GHz @ 30 mA 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


_.. designed primarily for use in high-gain, low-noise, small-signal 
amplifiers. Also used in applications requiring. fast switching times. 


® High Current-Gain — Bandwidth Product — - 
ft = 5.0 GHz (Typ) @ Ic = 30 mA 

® Low Noise Figure — ny ap as 
NF = 1.9 dB (Typ) @ f = 0.5 GHz 


® High Power Gain — 3, 


| MAXIMUM RATINGS 


3 
Total Device Dissipation @ Ta = 60°C 
Derate Above 60°C 


5 
2.0 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


Pp, DEVICE DISSIPATION (mW) 


CASE. 317A-01 
Ta, AMBIENT TEMPERATURE (°C) | 
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BFR91 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 


_Symbol eo 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | V(BR)CEO 
(Ig = 1.0 mAde, Ip = 0) © 


Collector-Base Breakdown Voltage ae . | Viericeo | oo Vde 
(Ic = 0.1 mAde, Ie = 0) | | 


Emitter-Base Breakdown Voltage —- VIBRIEBO =. 
(IE =0.1 mAdc,I¢=0) | 
Collector Cutoff Current So = 

(Veg = 5.0 Vdc, Ip = 0) 


ON CHARACTERISTICS 
DC Current Gain 
(Ic = 30 mAde, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERTISTICS 
Current-Gain Bandwidth Product 
- (Ie = 30 mAde, VcgE = 5.0 Vde, f = 0.5 GHz) 
Collector-Base Capacitance 
. (VcoB= 10 Vde, I_ = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Noise Figure 
(Ic = 2.0 mAdc, Vcg = 5.0 Vde, f = 0.5 GHz) 
(Io = 2.0 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(Ig = 2.0 mAdc, Veg = 5.0 Vde, f=0.5 GHz) | 
(le = 2.0 mAdc, Veg = 5.0 Vde, f= 1.0 GHz) | 
Maximum Available Power Gain (1) 
(Ig = 30 mAdc, Vog = 5.0 Vde, f = 0.5 GHz) 
_ (Ig = 30 mAdc, VcE = 5.0 Vae, f = 1.0 GHz) 


(1) Gay S21i? 
m See 
2 MAX (1-184 412) 189512) 
- FIGURE 2- POWER GAIN AND NOISE | | FIGURE 3 - POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 7 FIGURE versus COLLECTOR CURRENT 
20 | 10 | 
pL | 
16 8.0 
: . -  g ; 
a NY ~ = am 
S12 » so 2 = S 
é NJ ~ 8 2 a 
: a 2 63 : 
2 80 40 2 = 5 
: a ee : 
4.0 a 2.0 
_| 
0.2 0.3 0.4 0.5 0.7 1.0 2.0 


f, FREQUENCY (GHz) oo Ig, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA 
| 3-143 


BFR91 


FIGURE 4 — S44 PARAMETERS 


[Frequency (MHz) [20000 T  500—“_ §» | BC ae 00“ | 
is | on {us [fe 
(Volts) | (mA) Lo Sil L¢ Lo 
| 20 . |. 0.72] -65 0.51 | -125 0.47 | 170 145 
|} | 50 | o49}-90 | 0.35 | -150 0.36 | 155 135 
| so | 10 | egal ne | 0.28 | -165 0.32 | 145 130 
| | 20 | 0.26 | -130 | 0.24] 180 0.30 | 140 125 
| | 30 =| o24f-4+45 | 0.24] 175 0.30 | 140 125 

2.0 0.74 | -60 0.51 | -120 
5.0 0.52} -80 0.33 | -140 
10 =|..10 0.36 | -95 0.24 | -155 
20, 0.25 | -115 ' 0.19} -170 
i 30 | =0.22 | -120 | 0.19 | -175 0.20 | 130 


FIGURE 5 — S29 PARAMETERS 
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MOTOROLA | | | 


‘RF TRANSISTOR 
NPN SILICON 


Operating and Storage Junction ~ TJ, Tstg 
Temperature Range . 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C. 
Derate above 25°C 


Storage Temperature _ 
*Thermal Resistance Junction to Ambient ReJA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MAXIMUM RATINGS = 


CASE 318-02/03, STYLE 6 
SOT-23 
(TO-236AA/AB) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO | 15 
(I¢ = 10 mA) 

Collector-Base Breakdown Voltage - — . . V(BR)CBO 200 ae Vdc 
(I¢ = 100 nA) Se a 
Emitter-Base Breakdown Voltage | V(BR)EBO 2.0 Vde 
(l¢ = 100 pA) — | - oo : a 
Collector Cutoff Current 7 | BFR92 ICBO 50 nA 

(Vcgp =.10 V) . BFR92A 60 
ON CHARACTERISTICS | | 
DC Current Gain 


(Ic = 500 nA, Vee = 10 V) BERG? 
(ic = 14 mA, Vcg = 10 V) | BFR92A 


Collector-Emitter Saturation Voltage (1) 
(I¢ = 25 mA, Ip.= 5.0 mA) 


Base-Emitter Saturation Voltage (1) 
(Ic = 25 mA, |p = 5.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 14 mA, VcE = 10 V, f = 500 MHz) 


Noise Figure 
(VcE = 1.5 V, Ic = 3.0 mA, Rs = 50 ©, f = 500 MHz) 


Capacitance-Collector to Base 
(Vcp = 10 Vdc, f = 1.0 MHz) 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MOTOROLA 
SEMICONDUCTOR xa 
TECHNICAL DATA 


BFR93,A 


RF TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic | 


: er raeee ; CASE 318-02/03, STYLE 6 
Total Device Dissipation, Ta = 26 C SOT-23 


Derate above 25°C (TO-2364A/AB) 


Storage Temperature Tsta 150 ° 


C . 
*Thermal Resistance Junction to Ambient Rg@JA | | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 10 mA) 


Collector-Base Breakdown Voltage . V(BR)CBO 
(Ic = 10 pA) 

Emitter-Base Breakdown Voltage V(BR)JEBO 
(I¢ = 100 »A) . 


Collector Cutoff Current 
(VcE = 10 V) . 


Collector Cutoff Current 
(VcB = 10 V) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ic = 30 mA, VcgE = 5. . BFR93A 
(Ic = 30 mA, VcE = 5. BFR93 


Collector-Emitter Saturation Voltage (1) . VCE(sat) 
(ic = 35 mA, Ip = 7.0 mA) 

Base-Emitter Saturation Voltage (1) VBE(sat) 
(lc = 35 mA, Ip = 7.0 mA) . . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mA, VcE = 5.0 V, f = 500 MHz) 


Noise Figure 
(VcE = 5.0 V, Ic = 2.0 mA, Rg = 500, f = 30 MHz) 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. © 
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MOTOROLA 
SEMICONDUCTOR EEE 


TECHNICAL DATA I 
BFR96 


BFRC96 


| . MRFOGI 
— | MRF962 


-MRF965 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


The BFRQ6 series transistors use the same state-of-the-art micro- 
wave transistor chip which features fine-line geometry, ion-implanted 
arsenic emitters and gold top metalization. These transistors are 
intended for low-to-medium power amplifiers requiring high gain, 
low noise figure, and low intermodulation distortion. The BFR96 . #7 = 4.5 GHz @ 50 mA 
and MRF961 are particularly suitable for broadband MATV/CATV : | oe 
amplifiers. The MRF962 uses a hermetic stripline, ceramic package _ HIGH FREQUENCY 
and is intended for high reliability applications up to 2 GHz. The . TRANSISTOR 
MRF965 makes an excellent VHF/UHF Class C driver amplifier for . . 
several hundred milliwatts power output. : NPN SILICON 


BFRC96 MRF962 MRF965 


MAXIMUM RATINGS © 


Ratings Symbol 


Collector-Emitter Voltage | 
Total Device Dissipation @ Tc = 100°C") fF ; 
Derate above Tc = 100°C Ty = 200°C 
max 


NOTE 1. Case temperature measured on collector lead immediately adjacent to body of package. 
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BFR96, BFRC96, MRF961, MRF962, MRF965 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 


. Characteristic _ 


r Collector-Emitter Breakdown Voltage | V(BR)CEO 15 Vdc 
(Iq = 1.0 mAdc, Ip = 0) 


[ce ollector-Base Breakdown Voltage V(BR)CBO 20 Vde 
| Emitter-Base Broakdewn Voltage | V(BR)EBO 
Collector Cutoff Current ICBO nAde 
(VoB = 10 Vde, ic = 0) . i 


ON CHARACTERISTICS 


DC Current Gain 


(1c = 50 mAdc, Vcg = 10 Vdc) © 
DYNAMIC CHARACTERISTICS 
Current-Gain Barnidwidth Product 
(I¢ = 50 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
Collector-Base Capacitance 
(Vcp = 10 Vdc, Emitter Guarded) BFR96, MRF961, MRF962 
MRF965 


FUNCTIONAL TESTS 
Noise Figure 
(ic = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
Maximum Unilateral Gain/Insertion Gain - ; Gy(max)/ . 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f =0.5 GHz) BFR96, MRF965 iSo1!2 14.5/13 
, — . MRF961 . 17/15 
MRF962 20.5/16.5 


1S21 [2 


NOTE 1. Giyy(max)| = —————— 
. | (1 =184412) 1 - 1899/2) 


FIGURE 1 — MAXIMUM UNILATERAL GAIN versus FREQUENCY. FIGURE 2 — |S91/2 versus FREQUENCY 
28 ; : 7 
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BFR96, BFRC96, MRF961, MRF962, MRF965_— 


FIGURE 3 — MAXIMUM UNILATERAL GAIN versus FIGURE 4 — GAIN-BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT | . COLLECTOR CURRENT 


Gy(max), MAXIMUM UNILATERAL GAIN (dB) 
tr, GAIN-BANOWIDTH PRODUCT (GHz) 
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0.1 0.2 0.3 0.5 10 : 
- , FREQUENCY (GHz) - Ic, COLLECTOR CURRENT (mA) 
FIGURE 7 — COLLECTOR-BASE CAPACITANCE versus - FIGURE 8 — OUTPUT POWER AND EFFICIENCY 
COLLECTOR-BASE VOLTAGE | versus INPUT POWER (MRF965) 


f = 500 MHz 
Vee = 12.5 V 
See Figure 9 


Pout. OUTPUT POWER (mW) 


Cop. COLLECTOR-BASE CAPACITANCE (pF) 


40 «6. 8.0 10 12 14 3 ee | 
Veg, COLLECTOR-BASE VOLTAGE (Vdc) P,,, INPUT POWER (mw) 


FIGURE 9 — MRF965 CLASS:C AMPLIFIER @ 500 MHz, 400 mw 


Lt Copper Strip; 1/4” Wide X 1°’ Long 
X 0.005” Thick 
L2 — 3/4", #18 AWG 


oer L3 — 2 Turns, #18 AWG, 1/4” 1D 


Button ah : 
= (3-30) pF - (3-30) pF — Arco 19A115282-1 
: . or equivalent 
(1-10) pF — Johanson Piston 


(3-30)pF Lt 
Trimmer or equivalent 


Bead — Indiana General #56-590-65 


facaaine (1-10) pF (3-30) pF 
-30)p 


MOTOROLA RF DEVICE DATA 


2.1A4Q 


BFR96, BFRC96, MRF961, MRF962, MRF965 


-BFR96 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY : COEFFICIENTS versus FREQUENCY 
(Ver = 10 V, Ip = 50 mA) (VcE = 10 V, Ic = 50 mA) 


VCE 
(Volts) 


MOTOROLA RF DEVICE DATA 
3-150 


BFR96, BFRC96, MRF961, MRF962, MRF965 


MRF961 COMMON-EMITTER S-PARAMETERS 
INPUT/OUTPUT REFLECTION. FORWARD/REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE=10V,I¢=50mA) (VcE = 10 V, Ic = 50 mA) 
+450 


++150° 


180° 


- 150° 


VCE 
(Volts) 


MOTOROLA RF DEVICE DATA 
3-151 


BFR96, BFRC96, MRF961, MRF962, MRF965. 


MRF962 COMMON-EMITTER S-PARAMETERS 


_ INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10 V, ic = 50 mA) (Vcge = 10 V, ig = 50 mA) 


4b 
jo 


VCE Ic 
(Volts) (mA) 


‘MOTOROLA RF DEVICE DATA 
3-152 


BFR96, BFRC96, MRF961, MRF962, MRF965_ 


MRF965 COMMON-EMITTER S-PARAMETERS 
‘INPUT/OUTPUT REFLECTION . 7 FORWARD/REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 


(VcE = 10 V, Ig = 50 mA) (Veg = 10 V, Ig = 50 ma) 


VCE 
(Volts) 


MOTOROLA RF DEVICE DATA 
3-153 


BFR96, BFRC96, MRF961, MRF962, MRF965 


3-LEAD PLASTIC MACRO.-T. 


BFRC96 CHIP TOPOGRAPHY — 


Nominal Chip Size: 0.014” X 0.016” X 0.005” 
Front Metalization: Gold 

Back Metalization: Gold 

Emitter/Base Bond Pad: 2.8 mil Dia. 

#Emitter Fingers: 10 

#Base Fingers: 11 


Emitter Diffusion: fon-!molanted Arsenic 


4 LEAD PLASTIC MACRO-T [MILLIMETERS] INCHES | 


STYLE 2: : 
PIN 1. COLLECTOR COLLECTOR 
2. EMITTER 
3. BASE 


CASE 317A-01 SEATING EUBNE CASE 317-01 


MILLIMETERS] INCHES _ | 


Q 

{ par 

* [=~] 
S|9)> 
Q f=] 
2 fo] 
[33) 
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wo 
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o 
—) —) 
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SEATING 
PLANE 


COLLECTOR 
EMITTER 


BASE All JEDEC dimensions and notes apply 
EMITTER 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


CASE 303-01 * CASE 26-03 


MOTOROLA RF DEVICE DATA 
3-154 


MOTOROLA 
=a SEMICONDUCTOR yyy | 
TECHNICAL DATA 


RF TRANSISTOR 
NPN SILICON _ 


MAXIMUM RATINGS - : 


Collector-Emitter Voltage VCEO . 
| Collector-Base Voltage Ag VCBO 


THERMAL CHARACTERISTICS 


CASE 318-02/03, STYLE 6 
SOT-23 
(TO-236AA/AB) 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS | | =e | | 
Collector-Emitter Breakdown Voltage V(BR)CEO 15 — Vdc 
| (Il¢ = 10 mA) _ Z . ies 
Collector-Base Breakdown ; . : V(BR)CBO 25. _. Vde | 
| (l¢ = 100 2A) ; | 
Collector Cutoff Current ao | ICEO 
(VcE = 10 V) - : 


Voltage 


Collector Cutoff Current : ICBO 
(VcB = 10 V) . 


| Emitter Cutoff Current - 
(VEB = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 2.0 mA, VcE = 1.0 V) 


(ic = 25 mA, VcE = 1.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mA, Ip = 1.0 mA) 


Base-Emitter Saturation Voltage 
(ic = 10 mA, Ig = 1.0 mA)- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 2.0 mA, VcE: = 5.0 V, f = 500 MHz) 
(ic = 25 mA, Vcg = 5.0 V, f = 500 MHz) 
Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 
Noise Figure 
(ic = 2.0 mA, VcE = 5.0 V, Rg = 500, f = 30 MHz) 
*Typ . 


2 | aa a 


MOTOROLA RF DEVICE DATA 


9 4E°R 


MOTOROLA ~—_®T _ 
mf SEMICONDUCTOR yyy er | 
TECHNICAL DATA ee fo BFW92A 


L ‘The RF Line a 


ft = 4.5 GHz @ 10 mA 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


... designed primarily for usein MATV/CATV amplifiers and other 
broadband linear applications demanding high power gain with low 


noise over a wide current range. 


NPN SILICON 


® High Power Gain — . 
MAG = 16 dB (Typ) @ f = 0.5 GHz 

@ Low Noise Figure — 
NF = 2.7 dB (Typ) @ f = 0.5 GHz 

@ lon-Implanted Arsenic Emitters 

® Gold Top Metal 

® Silicon Nitride Passivation . 

® Industry Standard Plastic Macro-T Package 

®@ Compatible with Other BFW92 Types © p 


MAXIMUM RATINGS . 

[S=CRating ———SSS~*dr Symbol [nit] 

[CollesiorEmiterVolage——SSSCS~d«C ceo |S Ve 

[Collector-Base Voltage —————~—S—~d ‘Veg | 28 dt ve 
3 Vee 
5 


1 
2 
ic 


Total Device Dissipation @ Tc = 105° 180, mW 
Derate Above 105°C ie 4.0 mW/°C 
Storage Temperature Range -65 to 150 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance Junction to Case (2) RaJc 


Note: Case temperature measured on collector lead 
immediately adjacent to body of package. 


STYLE 2. 
PIN 1. COLLECTOR 
2. EMITTER 


CASE 317A-01 


MOTOROLA RF DEVICE DATA 


3-156 


BFW92A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Characteristic Boe 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage a 

reais .O mAdc, 1B = 0) . 

(Ic = 0.1 mAdc, IE = 0) © 
pep psp 


(IE = 0.1 mAds, Ic = 0) © 
Collector Cutoff Current 
(VcB = 10 Vde, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain 

(Ic = 2.0 mAdc, VcE = 1.0 Vdc) 
DYNAMIC CHARACTERISTICS 


| Current-Gain Bandwidth Product 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz). 


Collector-Base Capacitance 
(Vcp = 10 Vdc, f = 1.0 MHz, Emitter Guarded) 


FUNCTIONAL PERFORMANCE 


Optimum Noise Figure (Tuned) 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


Noise Figure (Untuned, Rg = Ry = 50 2) 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


Maximum Available Gain (1) 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


Insertion Gain © . 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


|S24/4 
(14844/2) (1482/2) 


(1) Giyax = 


FIGURE 1 — 30-900 MHz BROADBAND AMPLIFIER 


0+24V 


, ch 
820 

7 Lot pF 
L2 
334A O41 uF 


(pL = 75.9 


C1 
(10-100) pF 


Rg = 750 


C3, C4, C5 — 0.1 uF Chip Capacitor — 
L1, L2 — 3.3 wH Molded Inductor 


All Resistors 1/4 W, 20% 


MOTOROLA RF DEVICE DATA 
3-157 


BFW92A 


| as ies 
| | tH | | : at 
= rt 4 ma pie 
2 PP eat ae a 32 +10 
2 ce as ‘i Te fa 
as co + a0 
Ss => 
: a es |B 
r= fi a le | o Measured in circuit 
es igi ce | TI ec shown in Figure 1. 
; a _49 Two-tone test: 
_| Vee = 10 Vde 
Ic =10mA -50 
--60 
0.05 0.1 0.2 04 07 1.0 -70 -60 -50 -40 -30 -20-10 0 +10 +20 +30 +40 +50 +60 +70 
f, FREQUENCY (GHz) Pin, INPUT POWER (dBm) 
FIGURE 4 — MAXIMUM AVAILABLE GAIN . . | aa : 
versus FREQUENCY . FIGURE 5 — |S94/2 versus FREQUENCY 


|S74|2, INSERTION GAIN (dB) 


MAG, MAXIMUM AVAILABLE GAIN (dB) 


; 0 
0.15 0.2 0.3 0.5 0.7 1.0 1.5 2.0 3.0 0.15 0.2 0.3 0.5 0.7 1.0 1.5 2.0 3.0 
f, FREQUENCY (GHz) f, FREQUENCY (GHz) 


FIGURE 7 — GAIN-BANDWIDTH PRODUCT 
FIGURE 6 — MAXIMUM AVAILABLE GAIN versus COLLECTOR CURRENT 
versus COLLECTOR CURRENT 


Veg = 10 Vde 
f = 500 MHz 


oS 


oO 


MAG, MAXIMUM AVAILABLE GAIN (dB) 
fr, GAIN-BANDWIDTH PRODUCT (GHz) 


RRERESSLEE 

SERRE RER EE 
st TT 

ESaRTRess 


30 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA 
3-158 


BFW92A 


FIGURE 9 — NOISE FIGURE 
FIGURE 8 — NOISE FIGURE versus COLLECTOR CURRENT 


0 5.0 10 15 20 25 10 25 30. 35 
Ic, COLLECTOR CURRENT (mA) | | Ic, Sate ch sinReNe (mA) 


versus COLLECTOR CURRENT. Untuned, Rs = Ri =500 
5.0 iz | | 
Piers ada ae | x 
= GH 

sa ae eee doles eed on ae 
_ 0 Tt 
= AS ee 0.5 GHz ie 2 
ee ea ee ee i ae 
AH EE 3 
ce ool || | 2 
serene ees 
aa oe Eid 


w 
© 
wo 
[Sal 
Oo 
on 
Oo 


FIGURE 11 — NOISE FIGURE versus FREQUENCY 
FIGURE 10 — NOISE FIGURE versus FREQUENCY Untuned Rg = R, = 509 


5.6 5.0 

fe Pa 
F Are as magne 
4 ag a a OH 2 
: ee an ec ae ees 
g 30 8 ieesoma 
go pe amen es ae oe 
: a ane ee 
: pen a Ce 
: ee Cae EE 
fe ee ee oe 
01 | } | | rn 0.2 0.3 0.5 0.7 1.0 

f, FREQUENCY (GHz) f, FREQUENCY (GHz) 
FIGURE 12 — Cib INPUT CAPACITANCE versus FIGURE 13 — COLLECTOR-BASE CAPACITANCE 

EMITTER BASE VOLTAGE. versus COLLECTOR-BASE VOLTAGE 


[cares 
BSCE TEE 


Cib, INPUT CAPACITANCE (pF) 


Cob, Cop, COLLECTOR-BASE CAPACITANCE (pF) 


0 0.5 1.0 10 2.0 25 3.0 0 2.0 4.0 6.0 8.0 10 12 14 
VBe, BASE-EMMITTER VOLTAGE (Vdc} “cB | COLLECTOR- BASE VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 
3-159 


BFW92A 


BFW92A COMMON-EMITTER S-PARAMETERS 


INPUT/ OUTPUT REFLECTION FORWARD/ REVERSE TRANSMISSION 


‘COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VCE = 10 V, Ic = 10 mA) (VcE = 10 V, Ic = 10 mA) 


VCE 
(Volts) (mA) _ 


MOTOROLA RF DEVICE DATA 
3-160 


MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


- | The RF Line | 


-NPN SILICON HIGH-FREQUENCY TRANSISTORS 


ft = 2.0 GHz @10 mA 


HIGH FREQUENCY 
TRANSISTORS 


: | Be see parr Dereerre: _ NPN SILICON 
... designed for VHF and UHF applications where high-gain, low-. 7 
noise and good intermodulation characteristics are required. 
Particularly suited for wideband MATV amplifiers. 


® High Current-Gain — Bandwidth Product — fT 
1.2 GHz (Min) @ Ic = 25 mAdc — BFX89 
1.3 GHz (Min) @ Ic = 25 mAdc — BFY90 


@ Low Noise Figure — NF 
6.5 dB (Max) @ f = 500 MHz — BFX89 
5.0 dB (Max) @ f = 500 MHz — BFY90 


@ High Power Gain — Gpe 
19 dB (Min) @ f = 200 MHz — BFX89 . 
21 dB (Typ) @ f = 200 MHz — BFY90 


@ JEDEC Equivalents — 2N6304, 2N6305 


SEATING 
PLANE 


STYLE 10 
PIN 1. EMITTER 
2. BASE —~||—-D 
3. COLLECTOR 


| | _ oer 
MAXIMUM RATINGS - | fe EASE. | 
Rating ; OS G 
: Ee ee 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Continuous Device Dissipation 
@ Ta = 25°C 
Derate above 25°C | 


Storage Temperature Range - 


ALL JEDEC dimensions and notes apply 


CASE 20-3 
TO-72 


MOTOROLA RF DEVICE DATA 


oO 44 


BFX89, BFY90 


ELECTRICAL Eee (Ta = 25°C unless otherwise noted) 


| ae ._.. Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . V(BR)CEO 
(Ge 10 mAdc, Ip = 0) 


Coiiecior Cutoff Current . ICBO 
| (VcpR = 15 Vde, Ig = 0) , ; 


ON CHARACTERISTICS 

‘DC Current Gain hFE 
(i¢ = 2.0 mAdc, VcE = 1.0 Vdc) 
(Ic = - 25 mAdc, VcE= 1.0 Vde) 

DYNAMIC CHARACTERISTICS 


Coliéciui-Base Capaciiance (1) - BFX89 


(Vcp = 10 Vdc, Ig = 0, f = 1.0 MHz) 
Emitter-Base Capacitance BFY90 
(VERB = 0.5 Vdc, Ic = O, f = 1.0 MHz) 
Current-Gain-Bandwidth Product (2) 
(I¢ = 2.0 mA, Veg = 5.0 Vde, f = 500 MHz) 


(Ic = 25 mA, Vcg = 5.0 Vde, f = 500 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (2) Gpe 19 — 
(Vcg = 10 Vdc, Ic = 8.0 mA, f = 200 MHz) = 21° 
Spot Noise Figure (Rg = Optimum) (2) NF — 2.5 
(VcE = 5.0 Vdc, Ic = 2.0 mA, f = 500 MHz) — -2.5 
Notes 1. Pin 4 is not grounded. _ 
2. Pin 4 is grounded, 2 
Sail 


3. Gy(max)is calculated from the S-Parameters using the equation Gylmax) = = —— 
; (1-184 4/2) (1-1S22/2) 


FIGURE 2 — POWER GAIN versus 


FIGURE 1 — POWER GAIN versus FREQUENCY COLLECTOR CURRENT 
Hee : AA 
ae 5.0V ze ee : pe ES 
er real 2) alma | oe Vce = 10V 
: 6 
= Sot ee 
S Bea ee of ol we 
2 eee ese ee 
$ Aes est 8 ASL ale tat) Ae aed 
Spite Medea cll ease eel ease 
; eRe eae eee 
0 5.0... 10 25 30 35 


ee FREQUENCY ae Ic. ieee sane (mA) 


MOTOROLA RF DEVICE DATA 
3-162 


BFX89, BFY90 


. - FIGURE 4 — NOISE FIGURE versus 
FIGURE 3 — NOISE FIGURE versus FREQUENCY COLLECTOR CURRENT 


ae aN) 0 5.0 10 15 20 25 30 35 


if FREQUENCY (oth) : - ~ Ig, COLLECTOR CURRENT (mA) 
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| FIGURE 5 — CURRENT GAIN-8ANDWIDTH PRODUCT . 
versus COLLECTOR CURRENT FIGURE 6 — OUTPUT CAPACITANCE versus VOLTAGE 
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ff, GAIN-BANDWIDTH PRODUCT (dB) 
Cob Cob. COLLECTOR-BASE CAPACITANCE (pF) 
: = 


0 5.0 10 15. 20 re: 4.0 80 12 16 28 
ic, COLLECTOR CURRENT (mA) : Vcp, COLLECTOR-BASE VOLTAGE re 


MOTOROLA RF DEVICE DATA 
3-163 | 


BFX89, BFY90 


COMMON EMITTER SCATTERING PARAMETERS | 
FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
+j50 . 


+j25 | 


CD +j500 
| Sa" 


-j -j100 
j25 eee Vcg = 10V, Ip = 10 mA 


S — PARAMETERS. 


MOTOROLA RF DEVICE DATA 
3-164 


MOTOROLA 
gz SEMICONDUCTOR A | 
TECHNICAL DATA oe 7 ~ MD4957 


MULTIPLE DEVICES 


DUAL PNP SILICON ANNULAR = 450-MHz AMPLIFIER © 


DUAL PNP SILICON 
AMPLIFIER - 


. designed for high-gain, low-noise amplifier, oscillator, 
and mixer applications. 


® Low Noise Figure — NF = 3.0 dB (typ) @ 450 MHz 
6.0 dB (Typ) @ 1.0 GHz 
. ® High Power Gain — Gpe = 18 dB (Typ) @ 450 MHz 
13 dB (Typ) @ 1.0 GHz 
@ High Gain-Bandwidth Product — fT = 1500 MHz (Typ) . 
@ Low Collector-Base Capacitance — Cep = 0.8 pF (Typ) 


MAXIMUM RATINGS (each side) 


+) 


_ | Lf 
STYLE 1: fF” | ' 
PIN 1. COLLECTOR \ ft ; 


2. BASE 


3. EMITTER 
4, OMITTED 
Total Device Dissipation @ T A” 25°C 5, EMITTER 
> . . 6, BASE 
Derate above 25°C . ; 7. COLLECTOR 


8, OMITTED 


NOTE: . 
1. ALL RULES & NOTES ASSOCIATED WITH 
"REFERENCED TO-78 (654-02) OUTLINE SHALL APPLY. 
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| 127 
f, FREQUENCY (GHz} CASE 654-02 


MOTOROLA RF DEVICE DATA 


2-184 


MD4957 


ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted) | 


OFF CHARACTERISTICS 


Collector-Emitter Rreakdown Voltage 


= 0) 


V(BR)CEO 


i 
i Colle 
| (I, = 1.0 mAde, Ty 


Collector- Base Breakdown Voltage 
| (I, = 100 pAde, I, = 0 


V(BR)CBO 
gE) 


Emitter-Base Breakdown Voltage 
(I, = 100 pAdc, IG = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(IQ = 2.0 mAdc, V = 10 Vdc) 


CE 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I, = 2.0 mAde, Vog = 10 Vde, f = 100 MHz). 
Collector- Base Capacitance 

(Voz = 10'Vdc, In = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I = 2.0 mAdc, Vor = 10 Vde, f = 1.0 kHz) 


Colector-Base Time Constant 
(I, = 2.0 mAdc, V = 10 Vde, f = 63.6 MHz) 


OD 
Vi 


Noise Figure 


(I, = 2.0 mAdc, Vor = f = 450 MHz) Figure 2 
(IQ = 2.0 mAdc, Vor = Rg = 50 ohms, f = 1.0 GHz). 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vor = 10 Vde, I, = 2.0 mAdc, f = 450 MHz) 


= 10 Vac, Io = 2.0 mAdc, R, = 50 ohms, f = 1.0 GHz) 


S) 


(Vor 


FIGURE 2 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


) 
<= 
= 
_ 


Re = 502 _ *Button type capacitors 

**Variable air piston type capacitors 

1. L1 — silver plated brass bar, 1.0 

in. Ig by 0.25 in od. 
2. L2 — silver plated brass bar, 1.5 
in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3 — '4 turn of AWG No. 16 wire 
0.25 in. from and parallel to 
L2. 

4. The noise source is a hot-cold body 
(All type 70 or equivalent) with a 
test receiver (All type 136 or 
equivalent). 

‘5. Each half of dual transistor 
tested separately. 


Vin ** 0.4- 6.0 pF Z 
: Rs =502 : * 500 pF 


MOTOROLA RF DEVICE DATA 
3-166 


MD4957 


COMMON EMITTER Y PARAMETER VARIATIONS 


~ Y PARAMETERS VS FREQUENCY | | ~Y PARAMETERS VS CURRENT 
Veg = 10 Vie | | Vee = 10 Ve Vee = 15 Vdc — — — 
Io=2.0mA f= 450 MHz 
FIGURE 3— INPUT ADMITTANCE ay 48 ; Pubs 7 — INPUT ADMITTANCE — 
r os 


Vie. INPUT ADMITTANCE (mmhos) 
-Y,,. INPUT ADMITTANCE (mmhos) 


e, FORWARD TRANSFER ADMITTANCE (mmhos) 


. FORWARD TRANSFER ADMITTANCE (mmhos) 


Mi 
Y; 


Yoe, OUTPUT ADMITTANCE (mmhos) 


Yoo OUTPUT ADMITTANCE (mmhos) 


Y,¢. REVERSE TRANSFER ADMITTANCE (mmhos) 
Y,.. REVERSE TRANSFER ADMITTANCE (mmios) 


100 200 300 400 500 
f, FREQUENCY (MHz) 1. COLLECTOR CURRENT (mA ) 


MOTOROLA RF DEVICE DATA 
3-167 


MD4957 


“COMMON BASE Y PARAMETER VARIATIONS 


Y PARAMETERS versus FREQUENCY . Y PARAMETERS versus CURRENT 
Voe= 10 Vde | . Vop= 10 Vde 
* FIGURE 11 — INPUT ADMITTANCE 


Yoo 15 Vdc — — — 


Yip. INPUT ADMITTANCE (rmhos) 


Y;,. INPUT ADMITTANCE (mmhos) 


Ys, FORWARD TRANSFER ADMITTANCE (mmhos) 
Yr. FORWARD TRANSFER ADMITTANCE (mmhos) 


You OUTPUT ADMITTANCE (mmhos) ° 
Yop.OUTPUT ADMITTANCE (mmhos) 


we lies 
oa ca Sa = 
—8r 
ies ee i esl 


a 2.0 8. = 49 
f, FREQUENCY (MHz) 1., COLLECTOR CURRENT (mA) 


Yb. REVERSE TRANSFER ADMITTANCE (mmhos) 
Y.p, REVERSE TRANSFER ADMITTANCE (mmhos) 


MOTOROLA RF DEVICE DATA 
3-168 


MOTOROLA 
a SEMICONDUCTOR @am@ 
TECHNICAL DATA } 


M4018 


The RF Line > 


PNP SILICON 

- RFE POWER: | 
—_ A, ta ‘TRANSISTOR. 

PNP SILICON RF POWER TRANSISTOR | 


ae designed for amplifier, frequency multiplier or oscillator appli- 
cations in military and industrial equipment. Suitable for use. as 
Class A, B, or C driver, or pre-driver stages in VHF applications. 


® Power Output — Pout = 0.5 W (Min) @ f = 175 MHz 


® High Current-Gain — Bandwidth Product — 
f7 = 900 MHz (Typ) @ Ic = 50 mAdc. 


MAXIMUM RATINGS 


Collector-Emitter Voltage | 


VcsB 
Collector Current — Continuous a a ee _ Adc 


Total Device Dissipation @Tc= 25°C | 5.0 Watts 
Derate above 25°C 28.6 mWw/°C 

Operating and Storage Junction Ty, Tstg  —65 to +200 oC 
Temperature Range 


FIGURE 1 — 175 MHz OUTPUT POWER TEST CIRCUIT 


~12.5 Vde 


Pin 1. Emitter 
2. Base 


| 7 3. Collector 
3.0 — 30 pF, ARCO 461 OR EQUIVALENT 


8.0 — 80 pF, ARCO 462 OR EQUIVALENT 

100 nH, 4 TURNS NO. 18 AWG, 1/4” 1.D., 5/8” LENGTH 
40 nH, 2 TURNS NO. 18 AWG, 1/4” 1.D., 1/2” LENGTH 
200 nH, 8 TURNS NO. 18 AWG, 1/4” 1.D., 7/8” LENGTH 


CASE 79 
TO-39 


MOTOROLA RF DEVICE DATA 


2 480 


MM4018 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Symbol ae 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ip = 0) 


| Collector-Base Breakdown Voltage 
tic = 5.0 mAdc. ig = Ui 


Emitter-Base Breakdown Voltage 
gai: ics 87) 


Coliector Cutoff Current 
(Voge = 18 Vde, Ip = Q) 


| Collector Cutoff Current 
(Vce = 40 Vdc, Vee = 0) 


Collector Cutoff Current 
(Veg = 15 Vde, le = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 15 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 12.5 Vdc, Ie = 0, f = 100 kHz) 


V(BR)CBO 


V(BR)EBO 


Vde 


Sok eee ee 


[ey 


DC Current Gain . bE 10 
(Ic = 50 mAdc, Veg = 5.0 Vdc) 


FUNCTIONAL TEST 
Power Output (Figure 1) 

(Pi, = 50 MW, Veco = 12.5 Vde, f = 175 MHz) 
Collector Efficiency (Figure 1) 

(Pin = 50 mW, Vcc = 12.5 Vde, f = 175 MHz) 


FIGURE 2 — POWER OUTPUT versus POWER INPUT 


rer ”~ aa 
FIGURE o— FARALLEL COUIV 


wiw 
CAPACITANCE versus FREQUENCY 


9 


0.7 +20 
_ 0.6 ra Voc = -12.5 Vde 
Fj Vec=-12.5 Vde Ww +10 
= 0.5 2 
be os 
= 04 a 
5 a 
Oo {ab | 
= 0.3 =) 
S =o 
“~ 0.2 =) 
~ 01 oe 
0 , 
0 10 200 30 40 - 50 60 100 150 200 300 
P.,. POWER INPUT (mi) f, FREQUENCY (MHz) 
FIGURE 4— PARALLEL EQUIVALENT INPUT FIGURE 5 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY CAPACITANCE versus FREQUENCY 
Vcc =-12.5 Vde 
Z 
= — 
° nT 
wd S 
z = 
a = 
P7 = 
o oOo 
bs 5 
S z 
= a 


f, FREQUENCY (MHz} 


{, FREQUENCY (MHz) 


“MOTOROLA RF DEVICE DATA 
3-170 


MOTOROLA | 
SEMICONDUCTOR aaa 


" TECHNICAL DATA - ee | Ae ee 
:CHNICAL / ) M4019 


The RF Line | | 

| 2.5 W — 175 MHz 

HIGH FREQUENCY © 
TRANSISTOR 


PNP SILICON HIGH FREQUENCY TRANSISTOR | 
a . . . PNP SILICON 


. designed for amplifier and oscillator applications in military 
and industrial equipment. Suitable for use as output, driver or 
pre-driver stages in UHF and VHF equipment. 


ud Specified 175 MHz, 28 Vdc Characteristics — 
Output Power = 2.5 Watts 
Efficiency = 50% 


MAXIMUM RATINGS 
SEATING 
PLANE STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Emitter-Base Voltage / 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C Mee 


MILLIMETERS 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA. 


MM4019° 


ELECTRICAL CHARACTERISTICS (T, = 25° unless otherwise noted) 


SE SRAM BE 6S WT EN 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage . V(BR)CEO 
lin = 7 1G mAdec, ig =O) 
| Collector-Base Breakdown \ Voltage | V(BR)CBO 
[. lic = 1G mAds, ig = 0) . . 
“Emitter-Base Breakdown Voltage ; VIBRIEBO 4.0 | Vde 
(lg = 0.1 Ade, Ic = 0) 
Collector Cutoff Current - ICEO | 
(VcgE = 30 Vdc, Ip = 0) 
Emitter Cutoff Current . lEBO — | 0.4 1 mAdc | 
(Vee = 4.0 Vdc, Ic = 0) | 
ON CHARACTERISTICS 
DC Current Gain | 
(Ic = 250 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage ~ VCE (sat) 
(ic = 250 mAdc, Ig = 50 mAdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product fr 
(1¢ = 100 mAdc, Vcg = 28 Vde, f = 100 MHz) | 
Output Capacitance Cob 7.5 pF 
(Veg = 30 Vae, te = 0, f = 100 kHz) | 


FUNCTIONAL TEST 
Power Input 
(Pout = 2-5 W. Vcc = 28 Vdc, f = 175 MHz) 


Power Output 


(Pin = 0.5 W, Vcc = 28 Vdc, f = 400 MHz) 


Collector Efficiency 
(Pout = 2-5 W, Vec = 28 Vde, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT 


RF Output 


RF input 


C1,C2 3.0-30 pF, ARCO 461 or equivalent. 

c3 40 pF 

C4,C5 5.0-80 pF, ARCO 462 or equivalent. 

L1 80 nH, 3 Turns 418 AWG, 1/4” |.D., 1/4’ Length 
L.2 Ferrite Choke, VK-200 Ferroxcube, Q <5 

L3 0.15 wH, RF Choke 

L4 27 nH,2 Turns #18 AWG, 1/4" I.D., 3/8” Length 


MOTOROLA RF DEVICE DATA 
3-172 


MOTOROLA 
= SEMICONDUCO yy 


TECHNICAL DATA Bah tana taeda , oe 
gee 4 MM4049 

MMC4049 © 

MRF534- 

_ MRF536 


The RF Line 
PNP SILICON HIGH-FREQUENCY TRANSISTOR - 


... designed for use as a high-frequency current mode switch. Because 
of the extremely high Current-Gain — Bandwidath this transistor also 
makes an excellent RF amplifier and oscillator. 


® High Current-Gain — Bandwidth Product — . 
f7 = 4.0 GHz (Min) @ Ic = 20 mAdc — MM4049, MRF534 | 
ft = 5.0 GHz (Min) @ Ic = 20 mAdc — MRF536 


@ Low Collector-Base Capacitance — 
Cob = 1.25 pF (Max) @ Vcp ='5.0 Vde 


4.0 GHz @20mAde 
HIGH FREQUENCY | 
TRANSISTOR 


PNP. SILICON 


-MMC4049 | ° MM4049 


-MRF536_ 


MRF534 


| oe: | Case 20-03 | Case 22-03 | Case 317-01 
MAXIMUM RATINGS TO-206AF | TO-206AA 


Collector-Emitter Voltage VCEO a eS eae 


ee 
| 10, 
Emitter-Base Voltage has VEBO 4.5. 
00 


Collector Current — Continuous . . . 

Total Device Dissipation @ Ta = 25°C 3 200 300 300 mw 
Derate above 25°C ye TJ max=200°C} 1.14 ~ 1.71 2.40 mW/°C 

Operating and Storage Junction | i -65 to +200 | 
Temperature Junction ae aliage °& ae Paces 


/- MOTOROLA RF DEVICE DATA 


2.172 


MM4049, MMC4049, MRFS34, MRF536 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise eed) | 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 2.0 mAdc, Ip = 0) - 


Collector-Base Breakdown Voltage Vi(BR)CBO 


ie = 160 wade, le = 0} 


j ve 


| Emitter- ‘Base Breakdown Voltage 


(ip - 10 Bo AUC, ig, = Q) 


Coiiector Cutoff Current 
(Vcp = 10 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 
| ler = 25 mAdc, Vcg = 2.0 Vdc} 


DYNAMIC CHARACTERISTICS . 
Current-Gain Bandwidth Product MRF534, MM4049 
(Ic = 20 mAdc, Vcg = 5.0 Vde, f = 500 MHz) MRF536 
Collector-Base Capacitance 
(Vcp = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Maximum Available Gain 
(Ic = 15 mAdc, VcgE = 5.0 Vde, f = 500 MHz) MRF534 
(I¢ = 15 mAdc, VcE = 5.0 Vde, f= 500 MHz) MM4049 
(Ic = 15 mAdc, Vcg = 5.0 Vdc, f = 1.0 GHz) MRF536 


FIGURE 1 — CURRENT GAIN — BANDWIDTH FIGURE 2 — MAXIMUM AVAILABLE GAIN \ versus 
- PRODUCT versus CURRENT COLLECTOR CURRENT 
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<= 


VcE = 5.0 V 
ake Saentee 


Ic, COLLECTOR CURRENT inde | = Ic, COLLECTOR CURRENT (mA) 


“MAG, MAXIMUM AVAILABLE GAIN (dB) 
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fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 
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FIGURE 3 — NOISE FIGURE versus FREQUENCY 
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NF, NOISE FIGURE (dB) 
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MOTOROLA RF DEVICE DATA 
3-174 


MM4049, MMC4049, MRF534, MRF536 


MRF534 COMMON-EMITTER S-PARAMETERS 


VCE ic : f 
(Volts)} (mA) (MHz) 


y a ee 
a 


10 


20 


MOTOROLA RF DEVICE DATA 


Q_ATE 


MM4049, MMC4049, MRF534, MRF536 


VCE 
(Volts 


Ic f 
)} (mA) | (MHz) 


MRF536 COMMON-EMITTER S-PARAMETERS 


MMC4049 CHIP TOPOGRAPHY 


3-176 


Nominal Chip Size: 12 x 22 mils 

Front Metalization: Aluminum 

Back Metalization: Aluminum 
Emitter/Base Bond Pad: 4.0 x 4.0 mils 
#Emitter Fingers: 2 

#Base Fingers: 3 


MOTOROLA RF DEVICE DATA 


MM4049, MMC4049, MRF534, MRF536 


OUTLINE DIMENSIONS 


SEATING : | SEATING 
PLANE | PLANE 


: STYLE 1: 
PIN 1. EMITTER PIN 1. EMITTER 
2. BASE 2. BASE SEATING PLANE 
3. COLLECTOR | 3. COLLECTOR 
; STYLE 2: 
PIN 1, COLLECTOR 
2, EMITTER 


MILLIMETERS] INCHES] 7 3, BASE 
oom tere PMN [Max [MINA 


4, EMITTER 


NOTE: : ) 
DIMENSION D NOT APPLICABLE IN ZONE N. 
| Cf 4.32 [5.33 10.170 [0.210] 
| D | 0.406 | 0.533 [0.076 10.027 | 
PE | - {0762 | - [0.030 | 
| F | 0.406 [0.483 | 0.016 | 0.019 

| G | 254BSC_ | 0.700 BSC 

| H | 0.914 [1.17 [0.036 [0.046 | 
| J | 0.711 [7.22 [0.028 | 0.048 | 
| _K {12.70 


ALL JEDEC dimensions and notes apply ; Ail JEDEC notes and dimensions apply. | 
CASE 20-03 CASE 22-03 . CASE 317-01 


MOTOROLA RF DEVICE DATA 


2-177 


MOTOROLA 
= SEMICONDUCTOR SEE 
TECHNICAL DATA MMS8000 


MMs001 


The KF Line 


NPN SILICON © 
AMPLIFIER 
TRANSISTORS 


NFiv SILICON HIGH-FREQUENCY TRANSISTOR 


able for use as output driver or pre-driver stages in VHF and UHF 
equipment. 


@ High Current-Gain—Bandwidth Product — 
f7 = 900 MHz (Min) @ tc = 50 mAdc (MM8001). 


® Low Output Capacitance — 
Cob = 3.5 pF (Max) @ Vcg = 30 Vde 


® Low Noise Figure — | 
NF = 2.7 dB (Typ) @ Ic = 10 mAdc 


. designed for high-frequency C.A.T.V. amplifier applications. Suit- 


PIN 1, EMITTER 
2. BASE - 
3, COLLECTOR 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 


= MILLIMETERS INCHES 
Collector Current pip | Oa | Ade [mint | MAX | MN | MAK. 
| A [| 889 | 940 | 0.350 | 0.370 | 


Total Device Dissipation @T.. =25°C 325 Watts | B | 800 | 851 | 0.315 
Derate above 25°C 20 mre 0.240 oa 


Slo ls 
Q 
i) 
—s 


Operating and Storage Junction Ty T ~65 to +200 
Temperature Range 


All JEDEC Dimensions and Notes Apply. 
CASE 79-02 


MOTOROLA RF DEVICE DATA 


3-178 


MMs000, MM8001 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
roms = [= = 
oust hae PM saan ie 
rer eT 
i a a 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Ic = 5.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(i¢ = 0.1 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current. 
(VCE = 28 Vdc, Ip = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, Vcge = 15 Vdc) © 
DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(i¢ = 25 mAdc, VCE. = 15 Vdc, f = 200 MHz) ; MMso00 
7 _MMg001_- 


(ic = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) ~ MM8000 — 
7 MMs001 


(ic = 100 mAde, VcE = 15 Vde, f = 200 MHz) Mmso00 
=. MMs001 


Output Capacitance 
(VcB = 30 Vdc, Ig = 0, f = 1.0 MHz) 


Noise Figure pg Figure 1. 
(Ic = 10 mAdc, VcE = 15 Vde, f = 200 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figure 1 
(ic = 10 mAdc, VcE = 15 Vdc, f = 200 MHz) 


. = z N oo 
Pin (Rg = 50.2) ) i : Pout (ZL = 50) 


C7, C2,C3: 1.0 — 30 pF 
: 1.0 — 20 pF 
> 10,000 pF 
: 1000 pF 
: 0.01 uF 


: 4-1/2 turns, No. 22 

~ AWG wire, 3/16"'1.D. 
L4: 3-1/2 turns, No. 22 

‘: AWG wire, 3/16” 1.D. 

: 0.82 wH RFC 

: 240 ohms, 2 watts 


MOTOROLA RF DEVICE DATA 


oO AT 


MOTOROLA 


TECHNICAL DATA © 


_ MIM8009 


0.9 W — 1.0. GHz 
RF POWER 
TRANSISTOR 
NPN SILICON | 


NPN SILICON RF POWER TRANSISTOR 


... designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 


@ High Output Power — Poyt = 0.9 Watt (Min) @ f = 1.0 GHz 


® High Current-Gain—Bandwidth Product — 
ft = 1000 MHz (Min) @ Ic = 50 mAdc 


e Ideal for Radiosonde Applications — 
Pout (Oscillator) = 300 mW (Typ) @ f = 1.68 GHz 


MAXIMUM RATINGS 


-STYLE 1 
PIN 1. EMITTER 
2. BASE 
- 3. COLLECTOR 


[MILLIMETERS | INCHES 
Pmin [MAX | MIN | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 


Total Device Dissipation @ Tc = 25°C 
- Derate above 25°C | 


sjelsjo|o 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MOTOROLA RE DEVICE DATA 


Q.1RN 


MMs009 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | : 


| Characteristic =| Symbot | Min =| Typ | Max | Unit 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 100 wAdc, tc = 0) 


Collector Cutoff Current 
(Vce = 15 Vdc, tp = 0) 


Collector Cutoff Current 
(Vce = 35 Vde, Vee = 0) 


ON CHARACTERISTICS | 


DC Current Gain - hFE 20 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 15 Vdc, f = 100 MHz) 


Output Capacitance . 
(Vcp = 30 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 
Power Output (Figure 1) 
(Pi, = 316 mW, VK = 28 Vdc, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 
(Voce = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 
Collector Efficiency 
(Pin = 316 mW, VcE = 28 Vde, f = 1.0 GHz) . 


FIGURE 1 — 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 — 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 


Voc = +28 V 
BIAS TRANSISTOR #Vcec -Vec =2.0V 


Board is Glass 
L1, £2 - 0.16"x1.31" Teflon 
L3 - 0.16"x0.65" ¢ - t =.0.060" 
€R = 2.56 
L4 ~ RF Choke, 3.6 wHy 
C1 - 0.4 pF — 6.0 pF Johanson 4640 
L4 C2 - 1.0 pF - 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 
R-- 2k Ohms Pot (Miniature) 


“wiles ie, 

= Board is 
Glass 7 

Z1 =.0.280"x1.0" Teflon 


Z2 = 0.125"x 1.0" t= 0.060" 
€R = 2.56 


OUTPUT 


Q: MM8009 

-R: 3.9 ohms 
T1, T2: Microlay Double Stub Tuner, or Equivalent aa 
Bias Tee: Microlab 08N, or Equivalent a 


a MOTOROLA RE DEVICE DATA | 


2-121 


MM8009 


Pout, POWER OU™PUT (WATTS) 


Pout, POWER OUTPUT (WATTS) 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


FIGURE 3 = POWER OUTPUT versus POWER INPUT 
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Pin, POWER INPUT (WATTS) 
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FIGURE 5 — POWER OUTPUT versus VOLTAGE 


0 5.0 10 16 20 25 30 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 


“40 20 30 40 50 60 70 80 90 100 


i¢, COLLECTOR CURRENT (mAdc) 


Pout, POWER OUTPUT (WATTS) 


Pout, POWER OUTPUT (WATTS) 


Cob, OUTPUT CAPACITANCE (pF) 


FIGURE 4 — POWER OUTPUT versus FREQUENCY 


Ha: 28 Vide 
Pin = 310 mW 


f, FREQUENCY (GHz) 


FIGURE 6 — OSCILLATOR POWER OUTPUT versus CURRENT 


0 20 40 60 80 10 120 
lc, COLLECTOR CURRENT (mAdc) 


FIGURE 8 — OUTPUT CAPACITANCE versus VOLTAGE 
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Veg, COLLECTOR-BASE VOLTAGE (VOLTS) 


MOTOROLA RF. DEVICE DATA 


3-182 


MOTOROLA 
SEMICONDUCTOR suum 
TECHNICAL DATA | 


MAXIMUM RATINGS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MMBR901 


Die Source Same as MRF901 


RF AMPLIFIER TRANSISTOR 
NPN SILICON 


CASE 318-02/03, STYLE 6 
SOT-23 . . 
(TO-236AA/AB) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(i¢ = 0.1 mAde, IE = 0) . 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ip = 0) 


ON CHARACTERISTICS 
DC Current Gain 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


(ic = 5.0 mAdc, Vcg = 5.0 Vde) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcR = 10 Vdc, IE = 0, f = 1.0 MHz) 


Common-Emitter Amplifier Power Gain 
| (Vcc = 6.0 Vde, Ic = 5.0 mAdc, f = 1.0. GHz) 


Noise Figure . 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 500 system. 


MOTOROLA RF DEVICE DATA 


3-183 


MOTOROLA 
SEMICONDUCTO 
TECHNICAL DATA : 


MMBR920 


RF AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Operating and Storage Junction 
Temperature Range -. 


CASE 318-02/03, STYLE 6 
SOT-23 
(TO-236AA/AB) 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C. 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Tr = 25°C unless otherwise noted.) 


ee re _ Characteristic . 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 15 ~ Vde 
(Ic = 1.0 mAdc, Ip = 0) — 
Collector-Base Breakdown Voltage . 


(i¢ = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 10 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 14 mAdc, VcE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product = 
(Ic = 14 mAdc, VceE = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Noise Figure , 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(i¢ = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 


MOTOROLA RF DEVICE DATA 


3-184 


MOTOROLA | | 


= SEMICONDUCTOR se 
_ TECHNICAL DATA — | 


MMBR930_ 


AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Operating and Storage Junction 
Temperature Range ... 


CASE 318-02/03, STYLE 6 
SOT-23 » per 
(TO-236AA/AB) 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C _ mWFC 


*Thermal Resistance Junction to Ambient °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) _ 


[characteristic Symbot [min [typ | Mex [unit _| 


OFF CHARACTERISTICS oe 
Collector-Emitter Breakdown Voltage ee ViBR)CEO 12 Vde 
— (Ile = 1.0 mAdc, Ip = 0) 2 ad 
Collector-Base Breakdown Voltage ViBR)CBO oo  Vde 

(I¢ = 0.1 mAdc, IE = 0) | ae 
Emitter-Base Breakdown Voltage ViIBR)EBO 3.0 — Mde | 

(IE = 0.1 mAdc, Ic = 0) . . 


Collector Cutoff Current ICBO 
(Vcg = 5.0 Vdc, IE = 0) ' 


ON CHARACTERISTICS 
DC Current Gain 

(I¢ = 30 mAdc, VcE = 5.0 Vdc} 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcpB = 10 Vdc, Ie = 0, f = 1.0 MHz). 


Noise Figure 
(IC = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(i¢ = 2.0 mAdc, Vce = 5.0 Vde, f = 0.5 GHz) 
(IC = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 


MOTOROLA RF DEVICE DATA 


3-1R45 


MOTOROLA 
i SEMICONDUCTOR 70 


TECHNICAL DATA Ts | 
oo MMBR931 


Die Source Same as MRF931 


| 
RF AMPLIFIER TRANSISTOR 
NPN SILICON 
| 


MAXIMUM RATINGS? 


on no aaa es a an 
colctor-sase Votage ———~—*dY ceo] 10 
ce ee ee 


Operating and Storage Junction Ty, Tstg |—55 to + =e 


Temperature Range 


THERMAL CHARACTERISTICS 
*Total Device Dissipation, Ta = = 25°C se 


Derate ahove 25°C 


*Thermal Resistance Junction to Ambient R@JA es 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


CASE 318-02/03, STYLE 6 


SOT-23 
[TQ-2264A/AR) 


Uo Ne ere 


ELECTRICAL CHARACTERISTICS uke 25°C unless otherwise noted.) , 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage 
(I¢ = 0:1 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 0.01 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage — V(BR)EBO 
(le = 0.1 mAdc, Ic = 0) | . 

Collector Cutoff Current | | ICBO Ade 
(VcB = 5.0 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ =.0.25 mAdc, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 1.0 Vde, Ie = 0, f = 1.0 MHz) 


Noise Figure 
(l—E = 0.25 mAdc, VcfE = 1.0 Vde, f = 1.0 GHz) 


Gate Power Dissipation . 
(IE = 0.25 mAdc, VcE = 1.0 Vde, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 1 system. 


MOTOROLA RF DEVICE DATA 


3-186 


MOTOROLA _ 7 
= SEMICONDUCTOR a 


TECHNICAL DATA | ee ee RBIS Or er ee 
ata ee MMBR2060 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 
MAXIMUM RATINGS | 


__ Rating 
Collector-Emitter Voltage | vcceo | 30 | Vv 
Collector-Base Voltage | vepo | 14 | V 
Emitter-Base Voltage | Vepo | 40 | v 

pate Peo 


Collector Current — Continuous 


Operating and Storage Junction Ty, Ta —55 to +150 
Temperature Range... 
THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 


Derate above 25°C 
CASE 318-02/03, STYLE 6 


SOT-23 
(TO-236AA/AB) 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS a oe z 

Collector-Emitter Breakdown Voltage V(BR)CEO. - Vde 
(Ic = 1.0 mAdc, Ip = 0) _ — 

Collector Cutoff Current | te ICBO 50 | nAdc 
(VcB = 10 Vdc, IE = 0) . ee 

Emitter Cutoff Current . 7 . 100. de 


(VER = 4.0, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain . | . . hFE 2 
(Ic = 5.0 mAdc, VcE = 5.0 Vdc) . 20 . 
(IC = 20 mAdc, VcE = 10 Vde, f = 500 MHz) 2.0 

_Collector-Emitter Saturation Voltage . | VCE(sat) 0.38 
(i¢ = 80 mAdc, Ip = 8.0 mAdc) oe ; ; 

Base-Emitter Saturation Voltage - . VBE(sat) _ S 4 0.98 ; 
(Ic = 40 mAdc, tg = 20 mAdc) 7 | . 

SMALL-SIGNAL CHARACTERISTICS — . | . oe 


Current-Gain ae Bandwidth Product 
(Ic = 20 mAdc, VceE = 1.0 Vde, f = 100 MHz) © 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ip = 0) 


Emitter-Base Capacitance 


(VeB = 0.5 Vde, Ic = 0) 


Noise Figure 
(VcE = 10 Vdc, IE = 1.5 mAdc, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
| (VcE = 10 Vde, l— = 1.5 mAdc, f = 450 Mhz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 2 system. 


MOTOROLA RF DEVICE DATA 


3-187 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characterist 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 3.0:mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 1.0 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain : 
(I¢ = 3.0 mAdc, Vcf = 1.0 Vdc) 


MMBR2857 


Die Source Same as 2N2857 


RF TRANSISTOR 
NPN SILICON 


VcBo 30 _Vde 


CASE 318-02/03, STYLE 6 
SOT-23 : 
iz (TO-236AA/AB) . 


Eateipaae opment 


rae 
Sa 


ic 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance . 
(VcB = 10 Vde, Ie = 0, f = 0.1 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 1.5 mAdc, VcE 


Common-Emitter Amplifier Power Gain 
(I¢ = 


1.5 mAdc, Vcge = 6.0 Vdc, f = 450 MHz) 


MOTOROLA RF DEVICE DATA 


= 6.0 Vde, Rg = 50 0, f = 450 MHz) 


3-188 


MOTOROLA 
= SEMICONDUCTOR xy 


TECHNICAL DATA | MMBR4957 


Die Source Same as 2N4957 


RF AMPLIFIER TRANSISTOR 
PNP SILICON | 


MAXIMUM RATINGS 


[CCollectorBaseVotage ———=S~S~dC cw | |e 
Emitter-Base Voltage 


Collector Current — Continuous 


Operating and Storage Junction 
Temperature Range © 


THERMAL CHARACTERISTICS 


Characteristic 


CASE 318-02/03, STYLE 6 
SOT-23 
(TO-236AA/AB) 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature O a 
*Thermal Resistance Junction to Ambient Rg@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic —Srmbot [min [ax Tit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage - V(BR)CEO 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 Adc, Ie = 0) 

Emitter-Base Breakdown Voltage . a V(BR)EBO 
(IE = 100 Adc, Ic = 0) 

Collector Cutoff Current oo ICBO 
(Vcp = 10 Vdc, Ic = 0) a 


ON CHARACTERISTICS 


DC Current Gain hee 20 150 | — 
(Ic = 2.0 mAde, VcE = 10 Vdc) | | Oo 
SMALL-SIGNAL CHARACTERISTICS oe 


Current-Gain — Bandwidth Product 
(le = 2.0 mAdc, VcfE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Common-Emitter Amplifier Power Gain(1) 
(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 


Noise Figure(1) ; 
(I¢ = 2.0 mAdc, Vcg = 10 Vdc, f = 450 MHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 


MOTOROLA RF DEVICE DATA 


3-189 


MOTOROLA 


a= SEMICONDUCTOR: 
TECHNICAL DATA — 


MMBR5031 


Die Source Same as 2N5031 


RF AMPLIFIER TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


_ Symbol 


Collector-Emitter Voltage VCEO 
*Total Device Dissipation, Ta = 25°C CASE arcane STYLE 6 
Derate ab 25°C 
—ar_er : (TO-236AA/AB) 


Collector-Base Voltage VCBO 
Emitter-Base Voltage... VEBO . Vde 
Collector Current — Continuous | 20 , 


Operating and Storage Junction 
Temperature Range — 


THERMAL CHARACTERISTICS 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 1.0 mAdc, Ip = 0) . 


Collector-Base Breakdown Voltage 
(I¢ = 0.01 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.01 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 6.0 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain . a . hE - 500 
(I¢ = 1.0 mAdc, VcE = 6.0 Vdc) . | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product. fT 1,000 MHz 
(Ic = 5.0 mAdc, VcE = 6.0 Vde, f = 100 MHz) . | a 


Collector-Base Capacitance | Ceb 


(VCE = 6.0 Vdc, IE = 0, f = 0.1 MHz) 


Noise Figure . . NF(1) 2.5 — 

(Ic = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) oo 

Common-Emitter Amplifier Power Gain . Gpel(1) . 
(I¢ = 1.0 mAdc, VceE = 6.0 Vdc, f = 450 MHz) 


(1) Noise figure and power gain measure on Ailtech 7380 50 0 system. 


MOTOROLA RF DEVICE DATA 


3-190 


MOTOROLA 
= SEMICONDUC?PQR yy 
TECHNICAL DATA 


- MMBR5179 ~ 


Die Source Same as 2N5179 


RF AMPLIFIER TRANSISTOR 
| NPN SILICON 
MAXIMUM RATINGS a 
[ating TT Svmbot_ 


Emitter-Base Voltage . VEBO 
Collector Current — Continuous 


Operating and Storage Junction | TY, Tstg 
Temperature Range 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C mWwPC 


Storage Temperature 
*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 7 


CASE 318-02/03, STYLE 6 
SOT-23 
(TO-236AA/AB) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Chretien [ine |) 
OFF CHARACTERISTICS. | | ee - - 


Collector-Emitter Breakdown Voltage | 
(I¢ = 3.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(l¢ = 0.01 mAdc, IE = 0) . 


V(BR)CEO 120 | 


Emitter-Base Breakdown Voltage V(BR)EBO 2.5 Vdc . 

(IE = 0.01 mAdc, Ic = 0) . . 

Collector Cutoff Current . ICBO: : 0.02 pAdc 
(Vcp = 15 Vde, le = 0) . . 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 mAdc, Vcge = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


Base-Emitter Saturation Voltage - . _ . _ ~ VBE(sat) > 
(i¢ = 10 mAdc, IR = 1.0 mAdc) _ | | 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product | | | 900 


(Ic = 5.0 mAdc, Vcge = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ip = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 


(I¢ = 2.0 mAdc, VceE = 6.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(ic = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50, f = 200 Mhz) 


Common-Emitter Amplifier Power Gain 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 2 system. 


MOTOROLA RF DEVICE DATA 


3-191 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


PNP Silicon High Frequency Wares 


Transistors 


... this high current gain-bandwidth transistor makes an excellent RF amplifier and 
oscillator. it is available in the surface mount SOT-23 as well as the popular TO-92 
low cost plastic packages. | LOW NOISE 


@ High Current Gain-Bandwidth Product HIGH RF GAIN 
f7 = 5.5 GHz (typ) @ ic = 20 mA — MMBR536 
f7 = 4.5 GHz (typ) @ Ic = 20 mA MPS536 

® High Gain a 
GNF = 14 cB (typ) @ 10 mA/500 MHz 

@ Low Collector-Base Capacitance 
Cob = 0.8 pF (typ) @ Vcp = 5 Vde 

@ Tape and Reel Packaging Options 


TO-92 
CASE 29-02 
MPS536 - 


SOT-23 
CASE 318 


MMBR536 
Standard and Low Profile 


Foe F tad 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Power Dissipation @ Ta = 25°C { . 
Derate Above 25°C mWw/°C 


+150 | —65 to +150 


*Free air 


ELECTRICAL CHARACTERISTICS (Tc = 25°C *For both package types unless otherwise noted) 


Collector-Base Breakdown Voltage (Ic = 100 pA, IE = 0) 


V(BR)CBO | 
V(BRIEBO 
ICBO 


Emitter-Base Breakdown Voltage (le = 10 pA, Ic = 0) 
Collector Cutoff Current (VcpB = 10 Vdc, IE = 0) 


(continued) 


MOTOROLA RF DEVICE DATA 


3-192 


MPS536, MMBR536 


_ ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C *For both package types unless otherwise noted) a 


Characteristic 


ON CHARACTERISTICS 


DC Current Gain (Ic = 20 mA, Vcg = 5 V) 
DYNAMIC CHARACTERISTICS , 


Current Gain-Bandwidth Product 
_ (i¢ = 20 mAdec, VcFE = 5 Vdc, f = 1.GHz) 


Collector-Base Capacitance 
(Vcp = 5. Vde, Ip = 0, f = 1 MHz) 


MPS536 


se [ae wm] 


MMBR536 — 


FUNCTIONAL TESTS 


Gain @ Noise Figure . 
(Ic = 10 mAdc, Vcge = 5 Vdc) 


Noise Figure 
(Ic = = 10 mAdc, » Ver = =5 Vde) | 


eH 
ttt 3 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT “(ml 


Figure 1. Current Gain- Bandwidth Product 


versus Collector Current. 


TO-92 MPS536 


So4/2 


GUmax = (1 


GUmax AND |S94/2 (8) 
Litt Ae 
o- Seeneer/en 
See eee 
ptt tt AT 


rs FREQUENCY (GHz) 


0.2 


Figure 3. Maximum Unilateral Gain (Guma x) 


and Insertion Gain (\S24/2 )- 
versus Frequency 


— {844/411 — [S22 


GNF | 
= 500 MHz 
= 1 GHz 8 
NE | 
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= 1 GHz 6 
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oaeen//on 
/ 
// 
Ue 


f, "FREQUENCY (GHz) 


Gamax MAXIMUM AVAILABLE GAIN (dB) 


“Tt ett ty 


a 0. 


Figure 2. Maximum Available Gain " (Gamax) 
versus Frequency | 


SOT-23) MMBR536 
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eC 
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Figure 4. Maximum Unilateral Gain (GUmax) 
and Insertion Gain (|S24|2) 


- versus Freauency 


MOTOROLA RF DEVICE DATA 


3-193 


MPS536, MMBR536 


20 - 
Pot tT | 
|__| Messaeimmersae | | | | 


ao 

so 

Poe EES 3: 
of | | | =) 
A bre /— i 
qe — ro) 
a ee ee ee 
ee 

7 || pti ii i i | | 
4 7 12 1 | 
"Ig, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA 


Figure 5. Gain at Noise Figure versus | Figure 6. Noise Figure versus Collector Current _ 
Collector Current | 


MPS536 | - MPS536 


Cibo, INPUT CAPACITANCE (pF) 
Cobo, Cob — OUTPUT CAPACITANCE (pF) 


0 j . 2 3 6 
Vpe, BASE-EMITTER VOLTAGE (Vdc) Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 
Figure 7. Input Capacitance versus Figure 8. Output Capacitance versus 
Emitter-Base Voltage _ Collector-Base Voltage 
MMBR536 | _ MMBRS536_ 
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Cibo, INPUT CAPACITANCE (pF) 


Cobo: Cech — OUTPUT CAPACITANCES (pF) 


ti lelfel LiL) 


COAL 
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2 . 3 
Vpe, BASE-EMITTER VOLTAGE (Vdc] : Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 
Figure 9. Input Capacitance versus Figure 10. Output Capacitance versus 
Emitter-Base Voltage | Collector-Base Voltage 


MOTOROLA RF DEVICE DATA 


3-194 


-MPS536, MMBR536 


MPS536 _MPS536 
. | FORWARD/REVERSE 
INPUT/OUTPUT REFLECTION COEFFICIENT : TRANSMISSION COEFFICIENTS 
versus | versus 
FREQUENCY FREQUENCY 
VceE = 10 V, Ic = 10 mA VcE = 10 V, Ic = 10mA 


MPS536 
COMMON EMITTER S-PARAMETERS 


8 | oy | tn eg fa] 
10 ; - 


20 . 


MOTOROLA RF DEVICE DATA 


3-195 


MPS536, MMBR536 


MMBR536 | MMBR536 
INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION COEFFICIENTS 
versus versus 
FREQUENCY FREQUENCY. 
YcE = 70 yy, Ic = 10mA . VCE = 10 V, Ic = 10 mA 


180° 


MMBR536 
COMMON EMITTER S-PARAMETERS 


Vc 
w_ 


| (Volts) 


MOTOROLA RF DEVICE DATA 


3-196 


MPS536, MMBR536 


OUTLINE DIMENSIONS 


NOTES: ~ 

1. CONTOUR OF PACKAGE BEYOND ZONE “P" IS MILLIMETERS INCHES 
UNCONTROLLED. . --| DIM | MIN | MAX. 

2. DIM “F! APPLIES BETWEEN “H” AND ”L”. DIM. Ok 
“D&S” APPLIES BETWEEN “'L” & 12.70 mm _ 
(0.5") FROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN “H" & BEYOND 12.70 mm 
(0.5") FROM SEATING PLANE. 


All JEDEC. dimensions and notes apply’ 


STYLE 2: 
PIN 1. BASE - 
2. EMMITTER 
3. COLLECTOR 


TO-92 
CASE 29-02 
TO-226AA | 
PLASTIC 


NOTES: . a 2 
1. STYLE 1 THRU 5 OBSOLETE 
2. 318-01 OBSOLETE, NEW STD 318-02 ie MILLIMETERS _|_~__INCHES 
3, DIMENSIONING AND TOLERANCING PER ANSI DIM | _ MIN | MAX |_ MIN |_MAX | 
Y14.5M. 1982. ; A 2.80 3.04 0.1102 | 0.1197 | 
0.0551 
4 CONTROLLING DIMENSION. MILLIMETERS. B 120 | 1.40. 0.0472 | 0. 
c [085 1.20 | 0.033 | 0.0472 
. D | 037 | 0.46 | 0.0150 | 0.0177 
aR Sic F | 0.085 0.0034 | 0.0051 
oe G 2.04 | 0.0701 | 0.0807 
2. EMITTER 
ieee H | 051 | 0.60 | 0.0200 | 0.0236 
_k | 0.10 | 0.25: | 0.0040 | 0.0098 
t_| 210 | 250 | 0.0830 | 0.0984 
M_| 045 | 0.60 | 0.0180 | 0.0236 
N| 089 | 1.02 : 0.0350 | 0.0401 | 
' SOT-23 
a CASE 318-02 
a TO-236AA 
Fs Standard 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 


2, Y14.5M, 1982, . 7 MILLIMETERS | _INCHE 7 


S. 
CONTROLLING DIMENSION: MILLIMETERS, MAX 


— STYLE6: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 


| SOT-23 
: A CASE 318-03 
\U- TO-236AB 


: } Low Profile 


MOTOROLA RF DEVICE DATA 


3-197 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MPS571 
NPN Silicon High Frequency MXR571 
Transistors | | MNMBR571 


designed for low noise, wide dynamic range front-end amplifiers and low-noise 
/CO's. Available in two surface-mountable plastic package styles, as well as the 
popular TO-92 package. This Motorola series of small-signal plastic transistors of- 
fers superior quality and performance at low cost. 
@ High Gain-Bandwidth Product 
f— = 8 GHz (Typ) @ 50 mA 
@ Low Noise Figure 
NF = 2 dB (Typ) @ 500 MHz 
@ High Gain 
“GNF = 17 dB (Typ) @ 30 mA/500 MHz 
State-of-the-Art Technology 
Fine Line Geometry 
lon-Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 
Tape and Reel Packaging Options 


MMBR571 Avallable in Low Profile, Add L Suffix 


LOW NOISE 
HIGH RF GAIN 


SOT-89 


CASE 2456 


wri ie wy 


Standard and Low Profile 


MAXIMUM RATINGS _ 


Ratings “Symbol MPS571 |. MXR571 MMBR571 


ine 
400 200 m 
(Free Air) (Free Air) 


ree Storage Temperature | 3 Tstg —55 to +150 _ 


Emitter-Base Voltage | 


Collector Current — Continuous 


Power Dissipation @ Ta = 25°C 


MOTOROLA RF DEVICE DATA 


3-198 


MPS571, 


MXR571, MMBR571 


7 ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 


CE NS eee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic: = 0.1. mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 1mAdc, IE = 0) 


Emitter-Base Breakdown Voltage | 
(lg = 50 «Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = 8 Vdc, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 30 mAdc, Veg = 5 Vdc) 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1 MHz) 


Current Gain-Bandwidth Product 
(VcE = 5 Vde, Ic = 50 mAdc, f = 1 GHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure 


(Ic = 10 mAdc, Vcge =.5 Vdc) MPS571 
MXR571 
MMBR571 
Noise Figure | 
(I¢ = 10 mAdc, Vcge = 5 Vdc) MPS571 
| MXR571 
MMBR571 


Figure 1. Maximum Available Gain 


versus Frequency 


GaMAX, MAXIMUM AVAILABLE GAIN (dB) . 


f, FREQUENCY (GHz) 


MPS571 
MXR571 
MMBR571 
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Figure 2. Current Gain-Bandwidth versus 


Collector Current @ 1 GHz 
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MOTOROLA RF DEVICE DATA 


3-199 


IMIPS571, MXR5/71, MMBR571 


Figure 4. Output Capacitances versus 


Figure 3. Input Capacitance versus 


Collector-Base Voltage 


Emitter Base Voltage 


(a) TO-92 MPS571 


(a) TO-92 MPS571 


(10) JONVLIDWdW9 LNANI ‘9 


Vb, COLLECTOR-BASE VOLTAGE (Vdc) 


Vee, BASE-EMITTER VOLTAGE (Vdc) - 


~ (b) SOT-89 MXR571 


(b) SOT-89 MXR571_— 


(4d) JONWLIDVdVD LNdNI ‘4'9 


Veb, COLLECTOR-BASE VOLTAGE 


Vee, BASE-EMITTER VOLTAGE (Vdc) 


(c) SOT-23 MMBR571 


hou SOT-23 MMBR571 


SPEER i |. 
COCA 


8 . 


ERRRRKEERY 
TTT TTT TT 
TEAL TT TT 
LLPATI TITTY. 


SIONVLIOVdY) INdLNO 9% om 


CooL 
RERERIEGEE 
BEARD REE 


(4d) JONVLIOVdW9 LNdNI ‘“4!9 


Vpe, BASE-EMITTER VOLTAGE (Vde) 


on Pile one ane (Vde) 


MOTOROLA RF DEVICE DATA 


3-200 


MPS571, MXR571, MMBR571 


Figure 6. Noise Figure versus Collector Current 


Figure 5. Gain at Noise Figure versus 
Collector Current 
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Figure 8. Maximum Unilateral Gain and 


Figure 7. Gain at Noise Figure and Noise 
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TO-92 MPS571 


INPUT/OUTPUT REFLECTION COEFFICIENTS - FORWARD/REVERSE TRANSMISSION 


versus FREQUENCY . COEFFICIENTS versus FREQUENCY 


VceE = 5 V, Ic = 30 mA | VcE = 5V, Ic = 30 mA 


180° 
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SOT-89 MXR571 


INPUT/OUTPUT REFLECTION COEFFICIENTS -FORWARD/REVERSE TRANSMISSION 
| versus FREQUENCY | ; COEFFICIENTS versus FREQUENCY 
Vee = 5V, Ic = 30mA VcE = 5 V, Ic = 30 mA 


COMMON EMITTER S-PARAMETERS 


VcE ic | f S17 $21 i $12 ___ $22, 
(Volts) Lo S24 |S42| 
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SOT-23 MMBR571 


INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD/REVERSE TRANSMISSION 


versus FREQUENCY . . ~ COEFFICIENTS versus FREQUENCY 


VceE = 5 V, ic = 30 mA VcE = 5V, Ic = 30mA 


180° 


-COMMON EMITTER S-PARAMETERS 


(Volts) (mA) 
5 


15 
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OUTLINE DIMENSIONS 


-—>| D 
| fo ; 
a | SOT-23 SOT-23 
| | T 
; I a CASE 318-02 CASE 318-03 
i i | A 1 
TO-236AA TO-236AB 
Standard Low Profile 
J | M Z FE 
MILLIMETERS INCHES MILLIMETERS 
pDIM | MIN | MAX | MIN | MAX 
A | 280 | 3.04 | 0.1102 | 0:1197 ; STYLE 6: STYLE 6: 
B | 120 | 1.40 | 0.0472 | 0.0551 PIN 1. BASE PIN 1, BASE 
c_| 095 | 1.20 | 0.033 | 0.0472 2. EMITTER 2. EMITTER 
dD | 037 | 046 | 0.0150 | 0.0177 - 3. COLLECTOR 3. COLLECTOR 
F | 0.085 | 0.130 | 0.0034 | 0.0051 
[ G | 178 | 204 | 0.0701 | 0.0807 | 
Kj 0.10 | 0.25 | 0.0040 | 0.0098 1. DIMENSIONING AND TOLERANCING PER ANSI 1. DIMENSIONING AND TOLERANCING PER ANSI 
L_| 2.10 pes {0.0830 | 0.0984 | 2. Y14.5M, 1982. 2. Y14.5M, 1982. 
v 0.45 | 0.60 ae Oak | CONTROLLING DIMENSION: MILLIMETERS. CONTROLLING DIMENSION: MILLIMETERS. 


| 
| | 
| NOTES: A ; 
1. CONTOUR OF PACKAGE BEYOND ZONE “P” IS TO-92 . c SOT-89 
| 2 DIM” APPLIES BETWEEN “AND "L".DIM CASE 29-02 : - as c J CASE 345-01 
: UI 7 

| "Ty" &"S" APPLIES BETWEEN “L” & 12.70 mm TO-226AA | i ' | PLASTIC 

(0.5") FROM SEATING PLANE. LEAD DIM IS PLASTIC p n |. 

UNCONTROLLED IN “H’ & BEYOND 12.70 mm 

(0.5") FROM SEATING PLANE. i 

STYLE 2° rA 
PIN 1. 8ASE p 
a | 
2. EMITTER 
3. COLLECTOR 4 L 
SEATING PLANE 
MILLIMETERS | _ INCHES 
{ 
| | " MILLIMETERS | INCHES STE T: 
PIN 1. BASE 
2. COLLECTOR 


3, EMITTER 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS. 
2. -T- IS SEATING PLANE. 
3. POSITIONAL TOLERANCE FOR LEADS: 


4, DIMENSIONING AND TOLERANCING PER ANSI 
” ¥14.5, 1973. 
5. CONTROLLING DIM: MILLIMETERS. 


gL 
SITs ts 


SECT, A-A 


wn 


0.36 | 041 | 0014 | 0016 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


MPS901 


MPS1983 


2.4. dB @ 900 MHz 


HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON HIGH-FREQUENCY TRANSISTOR 
ae NPN SILICON 


... designed primarily for use in high-gain, low-noise small-signal 
amplifiers. | 

@ High Current-Gain-Bandwidth Product — fy = 4.5 GHz (Typ) 

— @iIc¢ = 15 mAdc 

@ High Power Gain — Gpe = 12 dB (Typ) @ f = 900 MHz 

@ Low Noise Figure — NF = 2.4 dB (Typ) @ f = 900 MHz 


@ Low Feedback Capacitance — Cop = 0.5 pF (Typ) @ 


® Die Source Same as MRF901 


MAXIMUM RATINGS 


STYLE 2: 
i PIN 1. BASE 

peting 2, EMMITTER 
Collector-Emitter Voltage . 3, COLLECTOR 
Collector-Base Voltage 
Emitter-Base Voltage Giles NOTES: 

2 1. CONTOUR OF PACKAGE BEYOND ZONE “'P’' IS 

Collector Current — Continuous , UNCONTROLLED. 


= sive | 2. DIM “F” APPLIES BETWEEN “H" AND “'L”. DIM 
“D" &"S" APPLIES BETWEEN “L” & 12.70 mm 


Total Device Dissipation @ Tc - 25°C 
i ; (0:5") FROM SEATING PLANE. LEAD DIM IS 
Derate above 25°C 2 UNCONTROLLED IN “H” & BEYOND 12.70 mm 
(0.5") FROM SEATING PLANE. 


Operating Junction Temperature 


eae 


MILLIMETERS [| INCHES | 
bim | MIN [| MAX | MIN | MAX 
A | 432 | 5.33 | 0.170 | 0.210 

THERMAL CHARACTERISTICS | 3 [Bf] 4e4 [5.21 | 0175 | 0.206 

—~ {ic | 3ie | 419 | 0.125 | 0.165 

| D | 041 | 056 | 0.016 | 0.022 

F | o41 | 048 | 0.016 | 0.019 

[ G {| 114 | 140 | 0.045 | 0.055 


Storage Temperature Range 55 to +150 


Characteristic Symbol |. 


Thermal Resistance, Junction to Ambient - RyJA 


H | — | 254 | — | 0.100 | 

J | 241 | 267 | 0.095 | 0.105 

a 0.500 | — | 

i i ee 

N | 203 | 2.67 | 0.080 [0.105 

Poo | One| 
[ra | 343 | 0.135 | — 


036 | 041 | 0.014 | 0076 | 

All JEDEC dimensions and notes apply 
CASE 29-02 
TO-226AA 


MOTOROLA RF DEVICE DATA 


3-207 
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ies CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Typ | Max Unit | 
= CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 15 — — Vdc 
(Ic = 1.0 mAdc, Ip = O) | 
Collector-Base Breakdown Voltage ViBR)CBO 25 = =e Vdc 
i ome one mAdc, ir = Q) ‘ 
| Emitter- Base Breakdown Voltage V(BR)EBO 2.0 2, aes Vdc 
| (lg = 0.1 mAd, Ic = 0) 
Collector Cutoff Current ICBO — — 50 nAdc 
(VcB = 15 Vde, Ie = O) 
ON CHARACTERISTICS. 
| DC Current Gain — Hee 30 : 80 200 oo | 
3 (Ic = 10 mAdc, Vege - 10 Vde} | | 
DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product tT — 4.5 — GHz 
Ic = 15 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 
Collector-Base Capacitance Cob — 0.5 - 1.0 pF 
(Vcp = 10 Vde,.Ig = O, f = 1.0 MHz) 
Noise Figure (Figure 1) . NF — 2.4 . st, dB 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 900 MHz) 


FUNCTIONAL TESTS | . 
Common-Emitter Amplifier Power Gain (Figure 1) Gpe | a | Ta | — | | dB | 


(Ic = 10 mA, Veg = 10 Vdc, f = 900 MHz) 


RF Output 


RF Input oa Slug Tuner Bias 


Bias = Slug Tuner Tee 
Tee 


FIGURE 2 — CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 3 — MAXIMUM AVAILABLE GAIN FIGURE 4 — iSo4/2 versus FREQUENCY 
versus COLLECTOR CURRENT ta : . 


Gamax, MAXIMUM AVAILABLE GAIN (dB) 
|So7/2, INSERTION GAIN (dB) 


Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (GHz) 


- FIGURE 5 — NOISE FIGURE versus | eau FIGURE 6 — NOISE FIGURE versus FREQUENCY 
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FIGURE 7 — INPUT CAPACITANCE versus FIGURE 8 ~ COLLECTOR-BASE CAPACITANCE 
EMITTER-BASE VOLTAGE versus COLLECTOR-BASE VOLTAGE 
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TABLE | 
$12 $22 
VCE Ic 
(Volts) (mA) _ | S42! Lo IS2a! Lo 
5.0 . 50 42 0.03 67 — 0.85 -18 
0.05 58 0.70 -26 
0.09 55 0.53 -35 
0.15 51 0.42 51 
| 0.21 42 0.28 -79 
| 0.03 65 0.75 22 
0.04 62 0.60 -26 
0.08 62 0.48 Ber 
0.15 55 0.39 -48 
0.22 42 0.25 -75 
0.02 66 0.69 99 
0.04 66 0.56 -23 
0.08 66 0.47 -28 
0.15 57 0.39 2A7 
0.22 44 0.25 273 
0.02 67 0.66 =o" 
0.03 68 0.55 274 
0.08 67 0.48 | 
0.15 58 0.40 -45 
0.22 45 0.27 a7 
0.02 68 0.64 -20 
0.03 70 0.55 -19 
0.08 68. 0.50 -25 
0.15 60 0.42 -44 
0.22 47 0.30 “74 
0.02 67 0.64 -16 
0.03 70 0.57 -16 
0.07 70 0.53 -25 
O14 63 0.46 -44 
Coa 51 0.34 272 
S cS 
VCE 12 a 22 
(Volts) $42) og 522 D 
10 0.03 68 0.88 -15 
0.04 58 0.74 2 
0.07 57 0.60 -31 
0.13 56 0.50 -46 
0.19 48 0.38 -69 
0.02 66 0.79 13 
0.03 63 0.65 -21 
0.07 64 0.56 ~28 
0.13 59 0.47 -44 
0.20 49 0.36 -66 
0.02 66 0.74 =18 
0.03 66 "0.62 -19 
0.07 67 0.55 -26 
0.13 61 0.48 i) 
0.20 50 0.36 -64 
0.02 67 0.71 -17 
0.03 68 0.61 -18 
0.07 69 0.56 2A 
0.13 62 0.48 -41 
0.20 51 0.37 -64 
0.02 68 0.70 -16 
0.03 69 0.61 -16 
0.06 70 0.57 -23 
0.13 63 0.50 24] 
0.19 53 0.40 -63 
0.02 68 0.70 aa 
0.03 70 0.62 -15 
0.06 72 0.59 259 
0.12 66 0.53 -41 
0.19 55 0.43 -64 
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m= SEMICONDUCTOR 
TECHNICAL DATA 


NPN Silicon High Frequency 
Transistors - 


... designed for low noise, wide dynamic range front-end amplifiers and low-noise 

VCO’s. Available in two surface-mountable plastic package styles, as well as the 

popular TO-92 package. This Motorola series of small-signal plastic transistors of- 
- fers superior quality and performance at iow cost. | 


® High Gain-Bandwidth Product 
ff = 7 GHz (Typ) @ 30 mA 
® Low Noise Figure 
NF = 1.7 dB (Typ) @ 500 MHz 
High Gain | | 
GNF = 17 dB (Typ) @ 10 mA/500 MHz 
State-of-the-Art Technology 
Fine Line Geometry 
lon-lmplanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 


- Tape and Reel Packaging Options 
MMBRQ11 Available in Low Profile, Add L Suffix 


MAXIMUM RATINGS 
Ratings 


Storage Temperature 


MOTOROLA RF DEVICE DATA 
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-MPS911 | 
MXR911. 
MMBRO11 


LOW NOISE 
_ HIGH RF GAIN 


SOT-23 
CASE 318 
MMBR911 
Standard and Low Profile 


—55 to + 150 


MPS911, MXR911, MMBR911 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Paracas «Sebo |e [TM | Uni | 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage V(BR)CEO 12 — Vdc 
(lc = 1 mAdc, IR = 0) . | | 


1 Ale 


Collector-Base Breakdown Voltage ViBR)CBO Sm fm | Vde 
“nA — 17 mAde le — A) 
H ih Mado daar shakey tpn wy 
3 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 0.1 mA, Ic = 0) . 


Collector Cutoff Current ICBO 
(Vcp =.15 Vde, Ip = 0) 
ON CHARACTERISTICS , 


DC Current Gain 
(Ic = 30 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product 


(VCE = 10 Vdc, Ic = 30 mAdc, f = 1GHz) MPS911 
MXR911 
MMBR911 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(I¢ = 10 mAdc, VceE = 10 Vdc)  MPS911 


MXR911 


MMBR911 


| | || 


“hh mh oh Oh 


Noise Figure 
(l¢ = 10. mAdc, VcfF = 10 Vdc) MPS911 


-MXR911 


MMBR911 
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fr, CURRENT GAIN-BANDWIDTH PRODUCT (Gz) 
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Ic, COLLECTOR CURRENT (mA) 


Figure 1. Current Gain-Bandwidth versus 
Collector Current @ 1 GHz 
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Figure 4. Gain at Noise Figure versus 


Figure 5. Noise Figure versus Collector Current 
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Figure 7. Maximum Unilateral Gain and 


Figure 6. Gain at Noise Figure and Noise 


Insertion Gain versus Frequency 


Figure versus Frequency 
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MPS911, MXR911, MMBR911 


TO-92 MPS911 


+ 30° 


INPUT AND OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION 
versus FREQUENCY COEFFICIENTS versus FREQUENCY 


VcE = 10 V, Ic = 30 mA VceE = 10 V, Il¢ = 30 mA 


COMMON EMITTER S-PARAMETERS 


MOTOROLA RF DEVICE DATA 
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SOT-89 MXR911 


_ INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION 
7 _versus FREQUENCY _ COEFFICIENTS versus FREQUENCY 
VCE = 10 V, Ic = 30 mA VcE = 10 V, Ic = 30 mA_ 


COMMON EMITTER S-PARAMETERS 


MOTOROLA RF DEVICE DATA 


R.917 


MPS911, MXR911, MMBR911 


SOT-23 MMBR911 


+ 150° 7 


— {50 


INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD AND REVERSE TRANSMISSION 
versus FREQUENCY COEFFICIENTS versus FREQUENCY 


Vce = 10 V,ic = 30mA VceE = 10 V, ic = 30 mA 


COMMON EMITTER S-PARAMETERS | 


VcE | 'c 
(Voits) . (mA) 
10 2 
5 
10 
20 
30 
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> H La 12 ec pet 


A-——-  —» 
; owe 
Cc 
eo 

| » 


MILLIMETERS |. INCHES 
MIN | MAX |" MIN’ | MAX 

bua Fas 
{0.0472 | 0.0551 | 

0.033 | 0.0472 | 

0.0150 | 0.0177 | 
0.0034 |-0.0051 | 
0.0701 | 0.0807 
0.0200 | 0.0236 
0,0040 | 0.0098 | 
2.50 |. 0.0830 | 0.0984 | 


0.60_} 0.0180 | -0.0236 | 
1.02 | 0.0360 | 0.0401 | 


NOTES: - 

- 1, CONTOUR OF PACKAGE BEYOND ZONE “PIS 
UNCONTROLLED. 

2. DIM “F” APPLIES BETWEEN "H" AND “L”. DIM 

"D&S" APPLIES BETWEEN "L” & 12.70 mm 
(0.5") FROM SEATING PLANE. LEAD DIM iS 
UNCONTROLLED IN “R’ & BEYOND 12.70 mm 
(0.5") FROM SEATING PLANE. 


STYLE 2: 
PIN 1. BASE 
2. EMMITTER 
3. COLLECTOR 


INCHES 
MIN MAX 
0.170_ | 0.210 
0.175 | 0.205 
0.125 | 0.165 
0.016 | 0,022 


0.016 


[_ MILLIMETERS 

MIN 
4.39 
4.44 
3.18 
0.41 
0.41 


0.095 
0.500 = 


0.250 = 
0.080 | 0.105 


2.67 
0.115 


oe ea 
Se 0.135 = 
0.41 0.014 | 0.036 


NOTES: ’ 


OUTLINE DIMENSIONS 


SOT-23 
CASE 318-02 
TO-236AA 
Standard 


| 
Mr — 


MILLIMETERS 


MIN | MAX 


STYLE 6: 2.80 3.04 


PIN 1. BASE 490 10 


2. EMITTER - 0.89 11 


0.37 0.46 


3, COLLECTOR 
0.085 | 0.130 


1.78 


0.51 


1. DIMENSIONING AND TOLERANCING PER ANSI 


2. Y14.5M, 1982. 


CONTROLLING DIMENSION: MILLIMETERS 


TO-92 
CASE 29-02 
TO-226AA 
PLASTIC 


MILLIMETERS 


INCHES —_| 


MIN 


MIN | MAX 


0 | 0.174 | 0,181 | 


ee 


0.091 | 0.102 


_| 0.056 | 


| 0.062 | 


Mee 
| 


0.015 | 0.018 


| 0.064 


SECT. A-A 


QO}nim 


a 


2 i i 
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SOT-23 
CASE 318-03 
TO-236AB 
Low Profile 


STYLE 6: 
PIN 1, BASE: ~. - 
2. EMITTER - 
3. COLLECTOR 


NOTES: .. Ss 
1. DIMENSIONING AND TOLERANCING PER ANS! 
2. ¥14.5M, 1982. 
CONTROLLING DIMENSION: MILLIMETERS. 


_ SOT-89: 
‘CASE 345-01 
PLASTIC 


aes 


STYLE 1: 
PIN1. BASE st 
2. COLLECTOR 
3. EMITTER 


NOTES: 


1, DIMENSIONS A AND B ARE DATUMS. 
2. -T- 1S SEATING PLANE. 
3. POSITIONAL TOLERANCE FOR LEADS: 


|] 0.10 (0.004) @] T A® 
4, DIMENSIONING AND TOLERANCING PER ANSI 
sc NAMB NOTE car foe 
5. CONTROLLING DIM: MILLIMETERS. 


MOTOROLA 
a SEMICONDUCTOR yyy ne 
TECHNICAL DATA — ee _ MPS3866 


Die Source Same as 2N3866 


MAXIMUM RATINGS 


=a AMPLIFIER TRANSISTOR 
ating | Symbol | 

Collector-Emitter Voltage NPN SILICON 
| Collectar-Base Voltage 

Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range . 


: 
3s 
So 
s3a 
QD” 


THERMAL CHARACTERISTICS 


- Characteristic 
CASE 29-02, STYLE 1 


TO-92 
(TO-226AA) 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


oe te km Cette Dean! ~ o 
| Couector-Emitter Breakdown Voltage VCER(sus} 


| lc = 5.0 mAdc, Reg = 100) 
Collector-Emitter Sustaining Voltage VCEO(sus) 30 Vde 
(Ic = 5.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage aa V(BR)EBO 35 Vdc | 
(l_ = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = 28 Vde, Ip = 0) 


Collector Cutoff Current 
(Vce = 30 Vdc, VpE = —1.5 Vde (Rev.), Te = 150°C) 
(VCE 55 Vdc, VBE = — 1.5 Vde (Rev.). 


Emitter Cutoff Current 
(Veg = 3.5 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 360 mAdc, Vcge = 5.0 Vde)(1) 


hE | 
5.0 — 
(I¢ = 50 mAdc, Vcg = 5.0 Vdc) 7 10 200 
Collector-Emitter Saturation Voltage VCE(sat) 1.0 Vdc 
(I¢ = 100 mAdc, Ig = 20 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcge = 15 Vde, f = 200 MHz) 


Output Capacitance 
(Vcp = 28 Vdc, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency : 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 


2.0%. ' 
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MOTOROLA 
= SEMICONDUCTOR yyy | 
TECHNICAL DATA 


MRFI34 


The RF TMOS Line ate 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for wideband large-signal amplifier and oscillator 
applications in the 2.0 to 400 MHz range. 


@ Guaranteed 28 Volt, 150 MHz Performance 


Output Power = 5.0 Watts 
Minimum Gain = 11 dB 
Efficiency — 55% (Typical) 


‘®@ Small-Signal and Large-Signal Characterization 
® Typical Performance at 400 MHz, 28 Vdc, 5.0 W 
Output = 10.6 dB Gain . 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR _ 


@ Low Noise Figure — 2.0 dB (Typ) at 200 mA, 150 MHZ 
® Excellent Thermal Stability, Ideally Suited For Class A Operation 


5.0W 2.0-400 MHz 


N-CHANNEL TMOS | 
BROADBAND RF POWER 


FET 


D 


Drain — Gate Voltage 
(RGs = 1.0 MO) 


Gate — Source Voltage SEATING PLANE 


Drain Current — Continuous STYLE 5s 


Total Device Dissipation @ Tc = 25°C Ge. . PIN 1, SOURCE 


Derate above 25°C ; SCURGE 


4, DRAIN 


orm CeeeLMeTERS | INCHES _ | 
| MIN | MAX | | MAX_| 


| MIN | 
| A [24.38 | 25.15 | 0.960 | 0. 
| € | 5.82 | 7.14 | 0.229 7 
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. | E | 2.16 | 2.67 | 0.085 | 0.105 | | 
Reasonable precautions in handling and packaging MOS devices should be observed. | | F | 0.10 | 0.15 | OT | oy 
| H. | 20.07 | 20.57 | 0.790 | 0.810 : 


|_K | 10.03 | 10.29 | 0.395 | 0.405 | 
| L | 6.22 | 6.48 | 0.245 | 0.255 | 
| Mm | 40° | 50° | 40° | 50° | 
iN | 3.81 | 4.57 | 0.150 | 0.180 _| 
[| a | 2.87 | 3.30 | 0.113 | 0.130 | 


CASE 211-07 


MOTOROLA RF DEVICE DATA 


MRF 134 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


an a em ae me moe ae 


OFF CHARACTERISTICS 


| Drain-Source Breakdown Voltage V(BR)DSS 65 Vde 
(VGs = 9, Ip = 5.0 mA) | 
vi loss = ~ 1.0 mAde 


7eroa Gate Voiiage Drain Current 


(Vps = 28 V, Ves = 0) 


ene on pena meet a 


Gate-Source Leakage Current IGss_- 1.0 pAdc 
(VGs = 20 V, Vos = 9) — 


ON CHARACTERISTICS 


Gate Threshold Voltage _ VGSith) 
(Ip = 10 mA, Vps = 10 V) . 


| Forward Transconducta nce mmhos 
(Vps = 10 V, Ip = 100 mA) ; 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vos = 28 V, Ves = O, f = 1.0 MHz) 
Output Capacitance 

(Vps = 28 V, VGs =O, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Vas = O, f= 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 28 Vdc, Ip = 200 mA, f = 150 MHz) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 5.0 W, f= 150 MHz (Fig. 1) 
Ipaq = 50 mA) f = 400 MHz (Fig. 14) 

Drain Efficiency (Fig. 1) an 

(Vpp = 28 Vdc, Poyt = 5-0 W, f = 150 MHz, Ipq = 50 mA) 


Electrical Ruggedness (Fig. 1) 
| (Von = 28 Vdc, Pout = 5.0 W, f = 150 MHz, lpg = 50 mA, 
| VSWR 30:1 at all Phase Angles) 


—_ 


No Degradation in Output Power 


FIGURE 1 — 150 MHz TEST CIRCUIT 


+ Vpp=28V 
RF Output 
RF Input 
. “Bias Adjust +. 
C1, C4 — Arco 406, 15-115 pF . L3 — 20 Turns, #20 AWG Enamel Wound on R5 
C2 — Arco 403,3-35pF ..... :  L4 — Ferroxcube VK-200 — 19/4B 
C3 — Arco 402, 1.5- 20 pF : R1 — 68, 1.0 W Thin Film 
C5, C6, C7, C8, C12 — 0.1 HE Erie Redes? R2— 10k0, 1/4 W 
C9 — 10 pF, 50 Vv’ ; ; R3 — 10 Turns, 10k Beckman Instruments 8108. 
C10, C11 — 680 pF Feedthru | R4—1.8 kn, 1/2W 
D1 — 1N5925A Motorola Zener _ R5 — 1.0 MQ, 2.0 W Carbon 
L1 — 3 Turns, 0.310” ID, #18 AWG Enamel, 0. 2” Long Board — G10, 62 mils 


L2— 3-1 /2 Turns, 0. 310” 1D, #18 AWG Enamel, 0.25” Long 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


MRF134 


MOTOROLA RF DEVICE DATA 
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MRF134 


FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 


(TRANSFER CHARACTERISTICS) 


FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 


1 Van 


(SdWVTHIN) LNIYHND NIVHC 


= 28 Y 


109 <f 


(SLIVM) 


o 

= o = 
= 

ad 


=3.5V 


VGS(th) 


cD ~N _ 


HIMOd LAdtno My 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 11.— MAXIMUM AVAILABLE GAIN 


FIGURE 10 — GATE-SOURCE VOLTAGE versus 


versus FREQUENCY 


CASE TEMPERATURE 


iS2ai¢i 


(-[S11i4) 0 
28 V 
100 mAde 


Vos 
Ip 


fom) c> fone] 
+ oD ™N 


(@P) NIVS JTAVIIVAY WNWIXvIN XVI 


10 
0 
1 


(aazwuon) JOVLIOA JOHNOS-ILV ‘SIA 


~ f, FREQUENCY. (MHz) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 13 — MAXIMUM RATED FORWARD BIASED 


FIGURE 12 — CAPACITANCE versus VOLTAGE 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


‘os DRAIN-SOURCE VOLTAGE (VOLTS) 
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FIGURE 14 — 400 MHz TEST CIRCUIT 


R3* 


RF Output 
Ci Z1 Z2 
RF Input >E{___}ef__y 
| C2 
* Bias Adjust =n 
C1, C6 — 270 pF, ATC 100 mils R2—10k0,1/4W _ . 
C2, C3, C4, C5 — 0-20 pF Johanson R3 — 10 Turns, 10kQ Beckman Instruments 8108 
C7, C9, C10, C14 — 0.1 uF Erie Redcap, 50 V R4 —1.8k0, 1/2 W 
C8 — 0.001 uF 2 21 — 1.4”x 0.166” Microstrip~ 
C11 — 10nuF, 50 V , Z2 — 1.1” x 0.166” Microstrip 
C12, C13 — 680 pF Feedthru - L23— 0.95” x 0.166” Microstrip 
D1 — 1N5925A Motorola Zener Z4-— 2.2” x 0.166” Microstrip 
L1 — 6 Turns, 1/4” ID, #20 AWG Enamel Z5 — 0.85” x 0.166” Microstrip 
L2 — Ferroxcube VK-200 — 19/4B Board — Glass Teflon, 62 mils 


R1 — 68 1, 1.0 W Thin Film 


FIGURE 15 — LARGE-SIGNAL SERIES EQUIVALENT 
INPUT/OUTPUT IMPEDANCES, Zjnt. ZoL* 
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9.02 WARD LOA 
a - 
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“4 
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Cx H . 
SIS sree Vop =28 V Ip = 50 mA, Poyt = 5.0 
J A 
as ath 


21.2 - j25.4 
14.6 - {22.1 
9.1 -j18.8 
6.4 - j10.8 


BESS 4 
OSS .eauann 
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Ph ‘ SSS EY *Zo_ = Conjugate of the optimum load imped- -— 
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FIGURE 16 — COMMON SOURCE SCATTERING PARAMETERS 
Vos = 28 V, Ip = 100 mA 


f $44 |, Sa +. S12 S22 _ 
(MHz) |S44i_ | 4b ; S24 | i812 | Zé 1822) _ Lg 
| if | ©9898 | -10_ 14.27 0.0014 sg | 0.954 
A 20 | 0.989 | -2.0 11.27 0.0028 89 0.954 
| 8.8 0.988 250 11.26 0.0069 86 0.954 -4.0 
Se Ne ee ee eee eee 
| 1066 | 159 | 0039 | 69 
9.777 
9.359 142 
8.960 138 
8.583 135 
8.190 131 
7.808 128 
7.661 125 — 
7.515 122 
7.368 119 
7.200 116 
7.075 114 
6.810 142 
6.540 110 
6.220 108 
5.903 106 
5.784 104 
5.334 100 
| 4.904 97 
275 0.687 eee 4.551 92 
300 0.673 a7 4.219 89 
325 0.668 ~120 3.978 86 
350 0.669 -123 3.737 83 
375 0.662 -425 3.519 80 eee 
400 0.654 “127 3.325 77 124 1 
425 
450 
475 
500 
525 
550 
575 
| 600 
625 
675 
750 
775 
800 
850 


The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF 134 input port. The scattering parameters 
were measured on the MRF134 device alone with no external components. 
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FIGURE 17 — S41, INPUT REFLECTION COEFFICIENT 
ver as Je 


FIGURE 18 — $4 2, REVERSE TRANSMISSION COEFFICIENT 
versus a ' 


sus FREQUENCY 


‘Vps=28V Ip=100mA 


e 
Vps=28 V Ip=100 mA 


a 


ao 
- ad 


= 
os 
ao 


FIGURE 20 — S99, OUTPUT REFLECTION COEFFICIENT 
ver ‘ 


FIGURE 19 — $24 , FORWARD TRANSMISSION COEFFICIENT 
| ver pee 


sus FREQUENCY 


. Vps= 28 Vv Ip = 100 mA 


sus FREQUENCY 


e 
Vps=28V Ip=100maA 
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wer N-Channel enhance- 
or (FET) designed especially 
rv! 77 scillator applications. 
M otarata TMOS FETs feature a Jentival structure with a 
planar design, thus avoiding the processing difficulties 
associated with V-groove vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immun- 
‘ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS. 

The MRF1 34 i isan SAhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpqQ) is not critical for many applications. The 
MRF i 34 was characierized at ipg = 50 mA, wnicn isine 
suggested minimum value of lpg. For special applications 
such as linear amplification, IpQ may have to be selected 
to optimize the critical parameters. 

The gate is a de open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 


lifier aa 


GAIN CONTROL 

Power output of the MRF134 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation HeyaleIns: (See 
Figure 8.) 


AMPLIFIER DESIGN 
Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF134. See 


' Motorola Application Note AN-721, Imnedance Matching 


Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small. signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an Baditionas advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF134, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. The MRF134 was characterized with a 68-ohm 
input shunt loading resistor. Two port parameter stability 
analysis with the MRF134 s-narameters provides a useful 
tool for selection of loading or feedback circuitry to assure 
stable operation. See Motorola Application Note AN-215A 
for a discussion of two port network theory and stability. 

Input resistive loading is not feasible in low noise 
applications. The MRF134 noise figure data was gener- 
ated in a circuit with drain loading’ ang a low loss input 
network. 


FIGURE 21 — 150 MHz TEST CIRCUIT 
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MOTOROLA _ | oe 
@ SEMICONDUQ yyy 
TECHNICAL DATA ae ad? Be: | | | 


o 


‘2 MRF136 
The RF TMOS Line | > MRF136Y 
RF Power Field-Effect Transistors pe 
N-Channel Enhancement _ 
Mode TMOS _ 


15 W, 30 W.2-400 MHz 
N-CHANNEL 
~ TMOS BROADBAND 
RF POWER FETs | 


... designed for wideband large-signal amplifier and oscillator applications in the 2 to 
400 MHz range, in either single ended or push-pull configuration. 


@® Guaranteed 28 Volt, 150 MHz Performance 


MRF136 MRF136Y 9 
Output Power = 15 Watts Output Power = 30 Watts 
Narrowband Gain = 16 dB (Typ) Broadband Gain = 14 dB (Typ) 


Efficiency = 60% (Typical) Efficiency = 54% (Typical) 

@ Small-Signal and Large-Signal Rs 
Characterization . 

@ 100% Tested For Load |. 
Mismatch At All Phase 
Angles With 30:1 VSWR MRF136 3 _  MRFI36¥ 9 =| = MRF136 

@ Space Saving Package For D D CASE 211-07 
Push-Pull Circuit 
Applications — MRF136Y 

@ Excellent Thermal Stability, 
Ideally Suited For Class A 
Operation _ 

e@ Facilitates Manual Gain 
Control, ALC and 
Modulation Techniques 


s) 
(Flange) 


 MRF136Y 
CASE 319B-01 


. 2 Value 

- Symbol ——————— 
| MRF136 MRF136Y 

Drain-Gate Voltage (Rg = 1M0) oo Vae 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case RaJc : 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging MOS 
devices should be observed. Se a 
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MRF136, MRF136Y 


ELECTRICAL CHARACTERISTICS Hee 25°C. aniaes: otherwise noted) 


ee 


OFF CHARACTERISTICS (NOTE 1) 


Drain-Source Breakdown Voltage ViBR)DSS 
(VGs = 0, ip = 5 mA) 
| Zero-Gaie Voitage Brain Current lpss 
(Vps = 28 V, Ves = 0) . 
| Gate-Source Leakage Current | IGss 1 pAdc 
(VGs = 40 V, Vps = 0) 


ON CHARACTERISTICS: (NOTE 1) 
Gate Threshold Voltage VGS(th) 
(Vpg = 10 V, Ip = 25 mA) | 
Forward Traisconductance te fs | 
(Vpg = 10'V, Ip = 250 mA) 
DYNAMIC CHARACTERISTICS (NOTE 1) 


Input Capacitance 
(Vps = 28V, Ves = 0, f = 1 i Miah 


Output Capacitance 


(Vps = 28 V, Vgg = 0, f = 1 MHz) -— 


Reverse Transfer Capacitance 
(Vps = 28 V, Veg = 0,f = 1 MHz) 


FUNCTIONAL CHARACTERISTICS (NOTE 2) 


Noise Figure : MRF136 
(Vps = 28 Vdc, Ip = 500 mA, f = 150 MHz) 


Common Source Power Gain (Figure 1) a MRF136 
(Vpp = 28 Vde, Pout = 15 W, f = 150 MHz, IpQ 


Common Source Power Gain (Figure 2) MRF136Y Gps | 12 14 =  gB 
(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, lpg = 100 mA) 


Drain Efficiency (Figure 1) | ~ MRF136 n 50 % 
(Vpp = 28 Vdc, Pout = 15 W, f = 150 MHz, lpg = 25 mA) 


lI 


Drain Efficiency (Figure 2) MRF136Y n 50 54 % 
-(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, lpg = 100 mA) 


Electrical Ruggedness (Figure 1) MRF136 No Degradation in Output Power 
(Vpp = 28 Vde, Pout = 15 W, f = 150 MHz, IDa 25 mA, 
VSWR 30:1 at all Phase Angles) 


Electrical Ruggedness (Figure 2) ; MRF136Y No Degradation in Output Power 
(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, Ing = 100 mA, | 
VSWR 30:1 at all Phase Angles) 


Notes: 1. For MRF136Y, each side measured separately. 
2. For MRF136Y measured in push-pull configuration. 


OUTLINE DIMENSIONS 


MILLIMETERS INCHES 
MIN MAX MIN MAX MILLIMETERS INCHES 
24.38 | 25.15 | 0.960 | 0.990 AX MIN MAX NOTES: 
0.370 | 0.390 4 ‘02 | 0.965 | 0.985 1. POSITIONAL TOLERANCE FOR Q HOLES. 
— oS | OT +] # 0.15 (0.006 | t] A@ [n@| 
0.065 
0.116 
0.065 


IDENTIFICATION NOTCH: 5° 
1.0 mm (0.04) MINIMUM x 45° 

3. DIMENSION D APPLIES 2 PLACES. 
DIMENSION K APPLIES 2 PLACES. 


DIMENSION Q APPLIES 2 PLACES. 
DIMENSION F APPLIES 4 PLACES. 
4. DIMENSIONS A AND N ARE DATUMS AND TIS A 
DATUM SURFACE. 
342 aa26 | 26] 5. DIMENSION B APPLIES TO LEAD FRAME AND Be0. 
7 : + 6. POSITIONAL TOLERANCE FOR F TERMINAL AND 


; STYLE Peal) oo : ae B: 
e 2: 
PIN 1, GATE (INPUT) [4] 381015) @[T]A@[n@® 
ey if ae oe ae ye h 2. GATE {INPUT} 7. DIMENSIONING AND TOLERANCING PER Y14.5M, 
3. SOURCE os c 3. DRAIN (OUTPUT) 1982. 
- 4, DRAIN (OUTPUT) 
eee aie E| T- SOURCE IS FLANGE 


CASE 211-07 woh CASE 319B-01 
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: C1 
RE INPUT. 


I 


C1, C2 — Arco 406, 15-115 pF or Equivalent 
C3 — Arco 404, 8-60 pF or Equivalent 

C4 — 43 pF Mini-Unelco or Equivalent 

C5 — 24 pF Mini-Unelco or Equivalent 

C6 — 680 pF, 100 Mils Chip 

C7 — 0.01 uF Ceramic 

C8— 100 uF, 40V 

C9 — 0.1 uF Ceramic 

C10, C11 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 


+ RFC1 


Vop = +28 V- 


ee 13 C6. me 
) : el aac a 
Se, ey 1, 284 


C4aN KCB 


L1 — 2 Turns, 0.29” ID, #18 AWG, 0.10” Long 

L2 — 2 Turns, 0.23” ID, #18 AWG, 0.10” Long 

L3 — 2-1/4 Turns, 0.29” ID, #18 AWG, 0.125” Long 

RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel Closewound 
RFC2 — Ferroxcube VK-200 — 19/4B 

R1 — 27 Q, 1 W Thin Film 

R2 — 10 kQ, 1/4 W . 

R3 — 10 Turns, 10 kQ- 

R4 — 1.8 kO, 1/2 W 

Board Material — 0. 062" G10, 1 oz. Cu Clad, Double Sided 


Figure 1. 150 MHz Test Circuit (MRF136) 


RF INPUT 


C1 — 5 pF 

C2, C3, C4, C6, C7, C9, cH — 0.1 uF Ceramic 
C5, C8 — 680 pF Feedthru - 

C10—15pF. 

D1 — 1N4740 Motorola Zener | 

RFC1 — 17 Turns, #24 AWG Wound on R5 
RFC2 — Ferroxcube VK-200-19/4B or Equivalent 
Ri — 10 kQ, 1/4 W 

R2, R3 — 560 ©, 1/2 W 

R4 — 10 Turns, 10 kQ 


R5 — 56 kQ, 1 W 


R6 — 1.6 kO, 1/4 W 
71 — Primary Winding — 3 Turns #28 Enameled Wire. 


— Secondary Winding — 2 Turns #28 Enameled Wire. 
Both windings wound through a Fair/Rite Balun 65 core. 
Part #2865002402. 


T2 — 1:1 Transformer Wound: Bifilar — 2 Turns Twisted Pair - 
#24 Enameled Wire through a Indiana General Balun Q1 
core. Part #18006-1-Q1. Primary winding center tapped. 

Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided 


Figure 2. 30-150 MHz Test Circuit (MRF136Y) 
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TYPICAL DEVICE — iC 
SHOWN, V@sith) = 3V 


N 2. © co 


(SLIVM) HAMOd LNdLNO 37g 


Vg, GATE-SOURCE VOLTAGE (VOLTS) .. | 


“Vp, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Output Power versus Gate Voltage 


Figure 9. Output Power versus Supply Voltage — 


MRF136 


f = 400 MHz 


MRF136. 


(G3ZIWWHYON) SOVLIOA FOYNOS-FLVD ‘SIA 


ee eer ae 
SS 
PN 


SHOWN, VGSith) = 3V 


mal 
a 
TYPICAL DEVICE 


(SdWVTTI) LN3HYND NivHG ’O) 


Tc, CASE TEMPERATURE (°C) 


Vs, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 12. Gate-Source Voltage versus 


Figure 11. Drain Current versus Gate Voltage 
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(Transfer Characteristics)* 
MRF136/MRF136Y 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 13. Capacitance versus Drain-Source Voltage* 


Figure 14. DC Safe Operating Area 


MRF136/MRF136Y 


MRF136/MRF136Y 


*Data shown applies to MRF136 and each half of MRF136Y. 
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MRF 136Y 


TYPICAL PERFORMANCE IN BROADBAND TEST CIRCUIT 
(Refer to Figure 2) 


16 


POWER GAIN (dB) 
oo 


Pin, INPUT POWER (WATTS) _— f, FREQUENCY (MHz) 


Figure 15. Output Power versus Input Power Figure 16. Power Gain versus Frequency 
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0 
0 20 40 60 80 100 120 ‘140 160 —6 —4 —2 0 2 4 6 
f, FREQUENCY (MHz) V@s, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 17. Drain Efficiency versus Frequency Figure 18. Output Power versus Gate Voltage 


TYPICAL 400 MHz PERFORMANCE 


Ipaq = 100 mA 
Pin = CONSTANT — 
TYPICAL DEVICE 
SHOWN, Vgsith) = 3 


Pout, OUTPUT POWER (WATTS). 
Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) Vgs, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 19. Output Power versus Input Power Figure 20. Output Power versus Gate Voitage 
f = 400 MHz ; f = 400 MHz 


MOTOROLA RF DEVICE DATA 


3-234 


MRF136, MRF136Y 


bey) 


OVELENGTHS 
O.9,0% 
LOAD. O. 
OF REFLECTION COEFFICIENT iM bee bd 
REES 

CIS TILPLLISTy 

toe HERTS ms 

a 


HEH ITH 


OWwARD uu 
BRGLE, OF 


We 


fet rr; 
HHH 


| MH2 | OHMS _ BS 
100 13.7 — j168 = | ESO 


S Ly eo 
Scones ewan: C 
eB eietatceretaes ceases PREECE AL 
Site eeeneee PO Oeet 4OGeSias PTET 
“3 seeeeeoee rs SSeS sees + pe TA 
SRR SB Ss oer EEE 
~] Sesser SORES Vpp = 28V Ing = 25mA, AAAS 
SEnnEa ee eaew sae, $6 oo oe Pai = 15 W HEHE 
ae __| out = ; ew ewe seus 
7 : ‘ paSEDS BEARER SY ie . PHETIEAY 
fee = ane A CORES — = ALT LENE 
LHe, FH 100 7.5 — j9.73 ee x f ZOU ees 
2 180 4.11.—j7.56 | a ee 
4] 200 2.66 — j6.39 | - = 


400 | 239 — j2.18 = 


he ne ae a cee ee. 150 | 9.08 — j1538 | SEAS 
em / 127 O Shunt Resistor Gate-to-Ground "= Ss 200 4.74 — 8.92 = oe 
ONS * IG 


, . es : ; ~y 
, 7" “S *ZOL = Conjugate of the op- AAS 7% 


ped .” which the device operates at a 


ae ee: PY given output power, voltage, 
VES Sbsf and frequency. S toRe 


Ae 


BES oo LATTE TAR ONE SBE 
Figure 21. Large-Signal Series Equivalent Figure 22. Large-Signal Series Equivalent 
input Impedance, Zj,t | Output Impedance, Zo,* 


MRF136 — . MRF136 


0 

02 Load 
ne ORD REFLECTION COEFFICIENT yy ae 
eee ORSRE ES 


arent ae 


EPL? , 
HEE TL OLS 
Vpp = 28V ‘Ipg = 100 mA, 


69.3 — j24 40.1 — j8.52. 
50 | 48 — j335 | 37 — ji19 
100 | 205 — j342 | 29 — j165 
150 | 477 — j254 | 20.6 — j19 
225 | 3 —j95 | 13 — j167 
MHA | 400 | 234 — j3.31 | 10.2 — j14.3 


KG -LHs Feedback loops: 560 ohms in series with 0.1 uF 5 —— 
1 Drain to gate, each side of push-pull FET j 
> *Zo_ = Conjugate of the optimum load imped- 
—\"1{< ance into which the device operates at a given 
30 MHz} |- output power, voltage, and frequency. 
ax j 70. i Tos >< Pa a ya0 en \ \ 


ms NPS > 


. Bc ; 


Figure 23. Input and Output Impedance 
MRF136Y 
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MRF 136 


a i | ae S21 S22 
{MHz} Sil Lo |$21 Lo |$42) _ £6 |$22) Lo 
2.0 att 41.19 173 0.006 — i oI 0.729 9 
50 | o970 |  -27 | 40.07 164 0.014 62. | 0.720 _ -31 
[70 | 0.923 -52 35.94 149 0.026 | 54 0.714 | -58 
0.837 _ -88 0.040 36 
—-111 20.75 117. 0.046 27 
108 22 
-135 13.41 0.050 
| 60 |_—(0.720 0.050 
70 0.709 0.050 
93 0.051 
RL Teh 91 0.051 
7.008 | 88 0.051 
-161 5.899 85 0.051 
-163 5.439 82 0.052 
5.068 | — 80 0.052 
4.709 80 0.052 
4.455_ 78 | 0.052 
0.732 4.200 77 0.052 
180 0.735 -168 3.967 75 0.052 
190 0.738 -169 3.756 74 a 0.052 
200 0.740 -170 3.545 73 | _0.052 
225 0.746 171 3.140 69 0.053 
250 0.742 -172 2.783 67 0.053 
275 0.744 -1/3 2.540 64 0.054 
300 0.751 -174 2.323 60 0.055 
325 0.757 -175 2.140 58 0.058 
350 0.760 -176 | 1.963 54 0.059 
375 0.782 177 1.838 52 0.062 
400 0.774 -179 1.696 50 0.065 
425 0.775 -179 1.590 48 0.068 
450 0.781 #179 | 1, 46 0.071 
475 +177 i 43 0.074 
500 1, 40 0.079 
525 1, 38 0.083 | 
550 1. 37 0.088 » r 
575 36 0.094 
| 600 = || _ogi6 [ +173 | 1.091 0.101 
625 | ovia {71 | 1.041 | 32 | 0.108 
650 0.994 0.112 
0.962 29 0.119 
700 0.922 27. 0.127. 
0.133 
750. 0.838 ee Os Oe a 
0.824 | 24 
800 0.785 21 | 0154 | 50 | 


Figure 24. Common Source Scattering Parameters 
Vos = 28 V, Ip = 05A 
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MRF136 


a 


‘s z 
iS 


— j50 
Figure 25. S14, Input Reflection Coefficient . Figure 26. S72, Reverse Transmission Coefficient 
versus Frequency oo versus Frequency — . 


Vps = 28V Ip =05A - Vps = 28V Ip =05A _ 


Figure 27. S21, Forward Transmission Coefficient | a Figure 28. S97, Output Reflection Coefficient 


versus Frequency | eG versus Frequency 


Vos =28V Ip=05A° > 2 Vps = 28V Ip =0.5A 
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DESIGN CONSIDERATIONS 


“The MRF136 and MRF136Y are TMOS RF power N- 
Channel enhancement mode field-effect transistors 
(FETs) desianed especially for HF and VHF power am- 
plifier applications. Motorola TMOS FETs feature planar 
design for optimum manufacturability. 

Motorola Application Note AN211A, FETs in Theory 
and Practice, is suggested reading for those not familiar 
with the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative im- 
munity from thermal runaway, and the ability to with- 
stand severeiy mismatched loads without suffering dam- 
age. Power output can be varied over a wide range with 
a low power dc control signal, thus facilitating manual 
gain control, ALC and:modulation. 


DC BIAS 


The MRF136 and MRF136Y are enhancement mode 
FETs and, therefore, do not conduct when drain voltage 
is applied without gate bias. A positive gate voltage 
causes drain current to flow (see Figure 11). RF power 
FETs require forward bias for optimum gain and power 
output. A Class AB condition with quiescent drain current 
(IpQ) in the 25—100 mA range is-sufficient for many ap- 
plications. For special requirements such as linear am- 
plification, IpQ may have to be adjusted to optimize the 
critical parameters. 

The MOS gate is a dc open circuit. Since the gate bias 
circuit does not have to deliver any current to the FET, a 
simple resistive divider arrangement may sometimes 
suffice for this function. Special applications may require 
imore elaborate gaie Dias sysiems. 


GAIN CONTROL 


Power output of the MRF136 and MRF136Y may be 
controlled from rated values down to the milliwatt region 
(>20 dB reduction in power output with constant input 
power) by varying the dc gate voltage. This feature, not 
available in bipolar RF power devices, facilitates the in- 
corporation of manual gain control, AGC/ALC, and mod- 


Figure 29. MRF136 
Test Circuit 


_" 


‘MOTOROLA RF DEVICE DATA 


ulation schemes. into system designs. A full range of 
power output control may require dc gate voltage ex- 
cursions into the negative region. 


AMPLIFIER DESIGN 


Impedance matching networks similar to those used 
with bipolar transistors are suitable for the MRF136 and 
MRF136Y. See Motorola Application Note AN721, Imped- 
ance Matching Networks Applied to RF Power Transis- 
tors. Both small signal scattering parameters (MRF136 
only) and large signal impedance parameters are pro- 
vided. Large signal impedances should be used for net- 
work designs wherever possible. While the s parameters 
will not produce an exact design solution for high power 
operation, they do yield a good first approximation. This 
is particularly useful at frequencies outside those pre- 
sented in the large signal impedance plots. 

RF power FETs are triode devices and are therefore not 
unilateral. This, coupled with their very high gain, yields 
a device capable of self oscillation. Stability may be 
achieved using techniques such as drain loading, input 
shunt resistive loading, or feedback. S. parameter stability 
analysis can provide useful information in the selection 
of loading and/or feedback to insure stable operation. The 
MRF136 was characterized with a 27 ohm input shunt 
loading resistor, while the MRF136Y was characterized 
with a resistive feedback loop around each of its two 
active devices. 

For further discussion of RF amplifier stability and the 
use of two port parameters in RF amplifier design, see 
Motorola Application Note AN215A on page 6-204 in the 


PO Mavice Mata (DL 710 Ray 7 
nmi VSvice Vaid (WLiiv meV ij. 


LOW NOISE OPERATION. | 


Input resistive loading will degrade noise performance, 
and noise figure may vary significantly with gate driving 
impedance. A low loss input matching network with its 
gate impedance optimized for lowest noise is 
recommended. _ ar 


3-238 


MOTOROLA 
@ SEMICONDUCTOR Ray a 
TECHNICAL DATA a ~ WRF137. 


__ The RF TMOS Line 


30W 2.0-400 MHz 


N-CHANNEL ENHANCEMENT-MODE _ | | N-CHANNEL TMOS 
TMOS RF POWER FIELD-EFFECT TRANSISTOR BROADBAND RF POWER 


. designed for wideband large-signal output and driver stages in 
the. 2.0 to 400 MHz range. a . oe FET 


@ Guaranteed 28 Volt, 150 MHz Performance 
Output Power = 30 Watts 
Minimum Gain = 13 dB 
Efficiency = 60% (Typical) 
Small-Signal and Large-Signal Characterization 


Typical Performance at 400 MHz, 28 Vdc, 30 W 
Output = 7.7 dB Gain © 


100% Tested for Load Mismatch at Ail Phase Angles: 
with 30:1 VSWR 


Low Noise Figure — 1.5 dB (Typ) at 1.0 A, 150 MHz 
Excellent Thermal Stability, Ideally Suited for Class A Operation 
Facilitates Manual Gain Control, ALC and Modulation Techniques 


MAXIMUM RATINGS - 
Bacar Wossfa 


Drain-Gate Voltage VDGR 
(RGs = 1.0 MQ) 


Td 
‘tt 
SEATING PLANE 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


MILLIMETERS| INCHES | 
| MIN, | MAX | 


| 0.235 | 

Pe aie {267 [ones [0.106 | 

shee 54 0.720, 720 0.730" 730°] 

Tico or Pansr to 7a0- oto : 
cas i020 0.398 | 0408 


Ti 6.22 7 6.48 [0.245 | 0.265) 


| M_| 400 | 
LN | 3.81 | 4.57 | 0.150 | 0.780 | 
| GO .| 2.87 | 3.30 | 0.113 | 0.130]. 


CASE 211-07 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C ree otherwise noted) 


OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSS 
(VqGs = 0, Ip = 10 mA) 

zero Gate Voltage Drain Current loss mAdc 
(Vos = 28 V, Vas = 0) , 

Gate-Source Leakage Current . IGss — — 1.0 uAde 
(Vag = 20 V, Vps = 0) | | 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vong = 10 V, Ip = 25 mA) 


VGS(th) 


Forward Transconductance 
(Vps = 10 V, Ip = 500 mA) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vgsg= 0, f= 1. 0 MHz) 


Output Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps= 28 V, Ves = O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 28 Vde, Ip = 1.0 A, f = 150 MHz) 


Common Source Power Gain Gps . dB 
(Vpp = 28 Vdc, Pout = 30 W, f= 150 MHz (Figure 1) 13 16 — 
log = 25 mA) f = 400 MHz (Figure 14) — 7.7 — 


Drain Efficiency (Figure 1) | n 50 os % 
(Vpp = 28 Vdc, Pout = 30 W, f= 150 MHz, pg = 25 mA) o- 3" 


Electrical al susuetnees (i ieue a ow No Degradation in Output Power 


VSWR 30: 1 at “AIL 'Phace Angles: 


FIGURE 1 — 150 MHz TEST CIRCUIT 
RFC2 


C10 


R4 c9 


RF 
Output 


ci — Arco 406, 15-115 pF, or equivalent. L1 — 2 Turns, 0.29” ID, #18 AWG Enamel, Closewound. -. 


C2 — Arco 403, 3.0-35 pF, or equivalent L2 — 1% Turns, 0.2” ID, #18 AWG Enamel, Closewound 

C3 — 56 pF Mini-Unleco, or equivalent L3 — 2 Turns, 0.2” ID, #18 AWG Enamel, Closewound 

c4 — Arco 404, 8.0-60 pF, or equivalent _ RFC1 — 20 Turns, 0.30” 1D, #20 AWG Enamel, Closewound 
C5.— 680 pF, 100 Mils Chip | -RFC2 — Ferroxcube VK-200 — 19/4B | 

C6 — 0.01 pF, 100 V, Disc Ceramic RT — 10 kO, % W Thin Film 

C7 — 100 uF, 40:V ~  R2—10k0, 4 W 

c8 — 0.1 BF, 50 V,.Disc Ceramic R3 — 10 Turns, 10 kN 

C9, C10 — 680 pF Feedthru R4 — 1.8 k0, %2W 


D1 — -1N5925A Motorola Zener Board — G10, 62 Mils 


MOTOROLA RF DEVICE DATA 
3-240 


MRF137 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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Pin: INPUT POWER (WATTS) 


"Pi INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 
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400 MHz 
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Pin, INPUT POWER (WATTS) 


Vp. SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


iM LL 
EMAL | 


FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 
f = 200 MHz 
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FIGURE 9 — OUTPUT POWER versus GATE VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
- 400 MHz 
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Vgg, GATE-SOURCE VOLTAGE (VOLTS) 
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FIGURE 10 — DRAIN CURRENT versus GATE VOLTAGE 


FIGURE 11 — GATE SOURCE VOLTAGE versus 


(TRANSFER CHARACTERISTICS) 
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FIGURE 13 — DC SAFE OPERATING AREA 


FIGURE 12 — CAPACITANCE versus 
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FIGURE 14 — 400 MHz TEST CIRCUIT 


RFC2 


R4 © C10 C11 C12 C13 


LX RF 
RF _» Output 
Input > 
a C5 1 
C1, C2, C3, C4 — 0-20 pF Johanson, or equivalent R4 — 1.8k0, %W 
C5, C8 — 270 pF, 100 Mil Chip a - Z1 — 2.9" x 0.166” Microstrip - 
C6, C7 — 24 pF Mini-Unleco, or equivalent 22,24 — 0.35” x 0.166” Microstrip 
C9 — 0.01 uF, 100 V, Disc Ceramic Z3 — 0.40” x 0.166” Microstrip 
C10 — 100 pF, 40 V . . Z5 — 1.05” x 0.166” Microstrip 
C11 —0.1 uF, 50 V, Disc Ceramic . Z6 — 1.9" x 0.166” Microstrip : 
C12, C13 — 680 pF Feedthru RFC1.— 6 Turns, 0.300” ID, #20 AWG Enamel, Closewound . 
Di — 1N5925A Motorola Zener RFC2 — Ferroxcube VK-200 — 19/4B 


R1,R2—10k0, %4W Board — Glass Teflon, 62 Mils 
R3—10Turns,10kQ. . . 


_ FIGURE 15 — LARGE-SIGNAL SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE, Zin. ZOL* 
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FIGURE 16 — COMMON SOURCE SCATTERING PARAMETERS 
500 SYSTEM | 
Vps = 28 V, Ip=0.75A 
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FIGURE 17 — S11, INPUT REFLECTION COEFFICIENT _ FIGURE 18 — S42, REVERSE TRANSMISSION COEFFICIENT 
. F | | versus FREQUENCY 
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DESIGN CONSIDERATIONS 

The MRF137 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especial- 
ly for VHF power amplifier applications. Motorola TMOS 
FETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with 

Motorola Application Note AN-21 1A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

Tne major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. | 


DC BIAS . 

The MRF137 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 10 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpqQ) is not critical for many applications. The 
MRF 137 was characterized at IpQ = 25 mA, which is the 
suggested minimum value of lpg. For special applications 
such as linear amplification, IpQ may have to be Selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


ee Oa 


simple resistive divider network. Some special applica- 
tions may require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF137 may be controlied from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manua! 
gain control, AGC/ALC, and modulation systems. (See 
Figure 9.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF137. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF137, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF137 s-parameters provides a useful tool for selection 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN-215A for a discussion 
of two port network theory and stability. 
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MOTOROLA 
= SEMICONDUCTOR mmm 
TECHNICAL DATA | : 


The RF TMOS Line 


N-CHANNEL ENHANCEMENT-MODE 
-TMOS RF POWER FIELD-EFFECT TRANSISTOR 


. designed for power amplifier applications in industrial, commer- 
cial and amateur radio equipment to 175 MHz. 


@® Superior High Order IMD 
@ Specified 28 Volts, 30 MHz Characteristics 


Output Power = 30 Watts 
Power Gain = 17 4B (Typ) 
Efficiency = 40% (Typ): 
@ IMD(d3) (30 W PEP) = -30 dB (Typ) 
@ IMDid1 1) (30 W PEP) = -60 dB (Typ) 


@ 100% Tested For Load Mismatch At All Phase Regis With 
30:1 VSWR 


MAXIMUM BeUNGS 


THERMAL CHARACTE ERISTICS ; 


Thermal Resistance, Junction to Case Resc 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 


~- MOTOROLA RF DEVICE DATA 


2.9A7 


30 W 2.0- 175 MHz 


N- CHANNEL TOS” 
LINEAR RF POWER 


FET 


STYLE 2: 
PIN 1. SOURCE ~ 

2. GATE 
3: SOURCE: 
4, DRAIN 


SEATING rete 


on HeLLLMETERS ETERS INCHES 


ee Oe ea 
pe] 9.401 9.91 | 0370 | 370 | 0.390 | 
rc [ 5.82 | 7.14 | 0.229 0.281 

op [5.46 | 5.97 | 97 10.215 , 0.235 
PE | 216 [2.67 | 0.085 | 0.105 | 
TF | 0.10 | 0.15 [ 0.004 | 0.006 | 
 G (18.29 | 18.54 | 0.720 | 0.730 | 
| H | 20.07 | 20.57 | 0.790 | 0.810 | 
«110.03 | 10.29 | 0.395 | 0.405 | 
| L| 6.22 | 6.48 | 0.245 | 0.255 | 
TM {| 40° [50° | 40° | 50° | 


Af 38 ist ote 0.180 


CASE 211-07 


MRF138 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) _ 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vas = 0, Ip = 10 mA) 


cid nw eae 
N CHARACTERISTICS 
Gate Threshold Voltage 


~ VGSith) 
(Vps = 10 V, Ip = 10 mA). 


yaro iSate Voltas Oo iain c bie rers 


i 2 
(Vos = 28 V, / Vas = fe) 


| Drain-Source On-Voltage | Wee on) 
(Vgg = 10V, Ip = 2.5 A) 


Forward Transconductance 
(Vps = 10 V, Ip = 2.5 A) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, VGs= 0 V, f= 1.0 MHz) 


Output Capacitance 
(Vos = 28 V, Ves = 0, f= 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Vgs = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 

Common Source Amplifier Power Gain 
(Vpp = 28 V, Pout = 30 W (PEP), 

IpDQ = 100 mA) 


(30 MHz) (Fig. 1) 
* (150 MHz) (Fig. 6) 


~ (30 W PEP) . 
(30 W CW) — 50 — 


Intermodulation Distortion (Figure 1) IMD(q3) = -30.-.- | | ae . dB 
(VoD = 28 V, Pout = 30 W (PEP), IMD(d41) — -60 — 
¥= 30; 30.001 MHz, Ipq = 100 mA) | H H 


Load Mismatch (Figure 1) 
(Vpp = 28 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
IpQ = 100 mA, VSWR 30:1 at all Phase Angles) 


Drain Efficiency (Figure 1) 
(Vpp = 28 V, f = 30 MHz, Ipq = 100 mA) 


wu No Degradation in Output Power 


CLASS A PERFORMANCE 


intermodulation Distortion’ (1) and Power Gain Gps 
(Vpp = 28 V, Pout = 10 W (PEP), f1 = 30 MHz, IMD(q3) 
f2 = 30.001 MHz, Ipg = 1.0 A) ~. d IMDiqg-13) 


(1) To MIL-STD-1 311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 2-50 MHz BROADBAND TEST CIRCUIT 


Bias + 


RF 


. Output 
RF | 
wpe C10 
C12 
Sent . . C12 —Arco 406 Variable = 
= ae = R4. L1 — VK200 20/4B Ferrite Choke or Equivalent (3. 0 pH) 
: C3 L2 — Ferrite Bead(s), 2.0 nH 


C1, C2, C3, C4, C5, C6 — 0.1 uF Ceramic Chip or Equivalent 


C7 — 10 uF, 100 V Electrolytic 
C8 — 10 pF Dipped Mica 
C9 — 68 pF Dipped Mica 
C10, C11 — 47 pF Dipped Mica 
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R1, R2 — 200 O, 1/2 W Carbon: 


R3 — 2.2 0, 1/2 W Carbon 
R4 — 330 0, 1.0 W Carbon 
T1 — 4:1 Impedance Transformer 


T2 — 1:4 Impedance Transformer 


MRF138 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — COMMON SOURCE UNITY CURRENT | 
GAIN FREQUENCY versus DRAIN.CURRENT _ 
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IMD, INTERMODULATION DISTORTION (dB) 


+28 Vde 


RF Output 


- a 
Tce | 


an : 
~ 12.50 


C1 — 91 pF Unelco Type MCM 01/010 L2 — 4 Turns # 18 AWG, 5/16” ID 

C2, C4 — 0.1 wF Erie Red Cap R1 = 1.0 Ohm, 1/4 W Carbon 

C3 — Allen Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon 

C5 — 1.0 pF, 50 Vdc Electrolytic RFC1 — VK200 21/4B | T1 — 4:1 impedance Ratio 

C6 — Arco 402 Varible = . T1 — 4:1 Transformer, 1.75” Transformer, Line 
Impedance = 25 0 


C7 — Arco 404 Variable. ; Subminiature Coaxial Cable 
L1 — 2 Turns # 18 AWG, 5/16” ID . . 
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rasune 7 — GATE VOLTAGE versus DRAIN CURRENT FIGURE 8— pc SAFE OPERATING AREA 
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FIGURE 9 — LARGE-SIGNAL SERIES EQUIVALENT | 
INPUT/ OUTPUT IMPEDANCE, Z,,t, Zo) * 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capaci- 


tors between the terminals. The metal oxide gate structure _ 


determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 


fabrication of the TMOS FET results in a junction capaci- | . 


tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjss), 
output (Cggs) and reverse transfer (Crgs) capacitances 
on data sheets. The relationships between the inter- 


terminal capacitances and those given on data sheets are’ 


shown below. The Cigg can be specified in two ways: ; 


1. Drain shorted to source and positive voltage at the 


gate. 


. Positive voltage of the drainin respect to source and 
zero volts at the gate. In the latter case the numbers 


DRAIN CHARACTERISTICS 
One figure of merit for a FET is its static resistance in 


_ the full-on condition. This on-resistance, VpS(on), occurs 


in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, VpS/on) has a 
positive temperature coefficient and constitutes an 

important design consideration at high temperatures 


_. because it contributes to the power dissipation within 
the device. 


are lower. However, neither method represents the — 


actual operating conditions in RF applications. 


Cds 


Source 


LINEARITY AND GAIN CHARACTERISTICS 


- GATE CHARACTERISTICS - 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 


The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. 


Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold 


~ voltage, VGS/th). 


Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 


-- damage to the oxide layer in the gate region. 


Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 


_ canresult in turn-on of the devices.due to voltage build-up 


In addition to the typical IMD and power gain data - 


presented, Figure 5 ‘may give the designer additional 


information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


on the input capacitor due to leakage Currents or pickup. 


Gate Protection — These devices do not have an 
internal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener diode is 
recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


Collector 
Emitter 
Base 


VCE(sat). 


VCE(sat) 


Rce(sat)= 7, 


Pe er 
Se 
Pr ee 
Pr ee 
or reer ers e eet e eer eer neve 
Ce ee 
Ce ee ee 
Pr 
cer ere rere eee ee eee ree eee 
peeve rn oreo etree eee ete te 
pear error ee ere etree tenes ees 


oeveovetreoereveorsevevnreovaeens 


Drain 


Gate 


MOTOROLA RF DEVICE DATA 
3-251 


MOTOROLA | 
ee SEMICONDUCPOR yyy 
TECHNICAL DATA _ 3 MRF140 


150W 2.0-150 MHz | 


N-CHANNEL TMOS 
LINEAR RF POWER 


FET 


_ N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


. designed primarily for linear large-signal output stages in the 
2-150 MHz frequency range. 


@ Specified 28 Volts, 30 MHz Characteristics 


Output Power = 150 Watts 
Power Gain = 15 dB (Typ) 
Efficiency = 40% (Typ) 


® Superior High Order IMD 
® IMD(q3) (150 W PEP) = -30 dB Typ 
@ IMD(q11) (150 W PEP) = -60 dB Typ 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR. > . 


MAXIMUM RATINGS 


Drain — Source Voltage 


| Unit 
Vde 
Vdc | 
Adc 
W 
—8C 
°C 


SEATING PLANE 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


[MILLIMETERS] INCHES | 
[Min [MAX | 
PA_{ 24.38 [25.15 | 0.960 0.990 | 
PB | 11.81 112.95 | 0.466 | 0.510 | 
Pe | 5.82 | 6.98 | 0.229 | 0.275 | 


: | vdeo 
; ce 
[Gate —SourceVoroge ——=S*d?SCVgs «Yao 
[brein Gurrent— Continuous ft» | 16 | Ade 
Samessowae | |e | Wine | 
Derate above 25°C 1.7 7°C 
[Storage TemperatureRarwe ‘| Tay | #810 180| °C 
peers] 


THERMAL CHARACTERISTICS 


Characteristic 


Therma! Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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ELECTRICAL CTARACIENSIC? (Tc = 25°C unless otherwise noted) 
Petamsite | mt nT to 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs =, Ip = 100:mA) 


Zero Gate Voltage Drain Current 
(Vps = 28 Vdc, Ves = 0) 


: Gate-Body. Leakage Cu rre nt 


(VGs = 20 Vdc, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage. 
(Vpg = 10 V, Ip = 100 mA) 


| Drain-Source On-Voltage 
(Ves = 10 V, Ip = 10 Adc) © 


Forward Transconductance ary. 
(Vps =.10 V, Ip = 5.0. A) mgs a . — 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V. Ves = 0, f= 1.0 mw) 


Output Capacitance — 
(Vps = 28 V, Ves =.0, f= 1.0 MHz) 


| Reverse Transfer Capacitance 
(Vps = 28 V, Vgg = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common Source Amplifier Power Gain . (30 MHz) 
(Vpp = 28 V, Poyt = 150 W (PEP), Ipg.= 250 mA) (150 MHz) 


Drain Efficiency eye 
(Vpop = 28 V, Pout = 150 Ww (PEP), f = 30; 30.001 MHz, 


Ip (Max) = 6.5 A) 


Intermodulation Distortion (1) 
(Vpop = 28 V.. Pout = 150 W (PEP), f1 = 30 MHz,. 
£2 = 30.001 MHz, IDa = 250 mA) 

Load Mismatch . 


(Vpp = 28 V, Pout = 150 W (PEP), f = 30; 30. 001 MHz, a No Degradation in Output Power 
IpDQ = 250 mA, VSWR 30:1 at all Phase Angles) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 
FIGURE 1 ~ 30 MHz TEST CIRCUIT (CLASS AB) 


ax = = 
ce7AR OL an aoe 


Bias + 


0-12 V 2]: 


RF 
Output 
RF , T1 
Input | 
| 
| i 4 
C1 — 820 pF Dipped Mica 4 L1 ae VK200/4B Ferrite Choke or Equivalent, 3.0 nH 
C2, C5, C6, C7, C8, C9 — 0.1 uF Ceramic Chip or’ _L2 — Ferrite Bead(s), 2.0 wH 
Monolythic with Short Leads _ R1,R2 —510/1.0 W Carbon 
C3 — Arco 469 R3 — 1.09/1.0 W Carbon 
C4 — 560 pF Unencapsulated Mica or Dipped Mica T1 — 16:1.Broadband Transformer 
with Short Leads 72 — 1:25 Broadband Transformer 


C10 — 10 pF/100 V Electrolytic 
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FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — COMMON SOURCE UNITY GAIN 


FIGURE 4 — IMD versus Pout FREQUENCY versus DRAIN CURRENT 
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FIGURE 6 — GATE VOLTAGE versus 
DRAIN CURRENT 
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_ FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 8 — 150 MHz TEST CIRCUIT (CLASS AB) 


Bias Be 
0-12 V S 
, C455 SE c5 D.U.T. 
. RFC1 
C1. U1 
RF Input (G 
= | R2 
C2 C3 


D1 


C1, C2, C8 — Arco 463 or equivalent 
C3 — 25 pF Unelco 

C4 — 0.1 uF Ceramic 

C5 — 1.0 pF, 15 WV Tantalum 

C6 — 150 pF Unelco J101 

C7 — 25 uF Unelco J101 

C9 — Arco 262 or equivalent 

C10 — 0.05 uF Ceramic 

C11 — 15 pF, 35 WV Electrolytic 
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o- +28 Vdc 
+ a 
a C11 
C9 
L3 
C7 


fo) RF Output 


C8 


L1.— 3/4” #18 AWG into Hairpin 
L2 — Printed Line, 0.200” x 0.500” 
L3:— 7/8” #16 AWG into Hairpin 
L4 — 2 Turns #16 AWG, 5/16 ID 
RFC1 — 5.6 wH Molded Choke 
RFC2 — VK200-4B 

R1,R2— 1500, 1.0 W Carbon 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgg). The PN junction formed during the 


fabrication of the [MOS FET results in a junction capaci-_ 


tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgs), 
output (Cogs) and reverse transfer (Crss) capacitances 
on data sheets. The relationships between the inter- 
terminal canacitances and those given on data sheets are 
. the Cigg can be specified in two ways: 

1. Drain shorted to source and Peake voltage at the 
gate. 


2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


Cds 


Cgs 


Source 


LINEARITY AND GAIN CHARACTERISTICS 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VDSlon), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, VDS(on) has a 
positive temperature coefficient and constitutes an 
important design consideration at high temperatures, 
because it contributes to the power dissipation within 
the device. 


GATE CHARACTERISTICS 


The gate of the TMOS FETisa soIveilcoin material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. . 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to- source threshold 
voltage, VG Sith). 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an inter- 


In addition to the typical IMD and power gain data nal monolithic zener diode from gate-to-source. If 
presented, Figure 5 may give the designer additional gate protection is required, an external zener diode is 
iiu:mation on the capabilities of this device. The graph recommended. 


represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 
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| The RF TMOS Line ee 


30W 2.0-175MHz ~ 


N-CHANNEL TMOS 
LINEAR RF POWER 


FET 


N-CHANNEL ENHANCEMENT-MODE. 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for power amplifier applications in industrial, commer- _ 
cial and amateur radio equipment to 175 MHz. 


® Superior High Order IMD 
® Specified 50 Volts, 30 MHz Characteristics 


Output Power = 30 Watts 
Power Gain = 18 dB (Typ) 
Efficiency = 40% (Typ) 


@ IMD(q3) (30 W PEP) = -35 dB (Typ) 
@ IMDid11)(30 W PEP) = -60 dB (Typ) 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


STYLE 2: . 
PIN 1, SOURCE 
"2. GATE 
3. SOURCE 
4. DRAIN 


MAXIMUM RATINGS . C 


Drain — Source Voltage 


Drain — Gate Voltage 


| Handiing and Packaging — OS devices are suscepiible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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|_K | 10.03 | 10.29 | 0.395 | 
L_| 6.22 | 6.48 | 0.245 | 
| 40° | 50° | 40° | 


| Q | 2.87 | - 3.30 | 0.113 | 
~ CASE 211-07 


| N | 3.81 | 4.57 | 0.150 | 0.180 | 


Total Device Dissipation @ Tc = 25°C 115 Watts | MIN | MAX | MiN 
Derate above 25°C 0.66 W/°C | A_| 24.38 | 25.15 | 0.960 
| -B {| 9.40 | 9.91 | 0.370 | 
Storage Temperature Range -65 to +150 | C | 5.82 | 7.14 | 
Operating Junction Temperature 2 0.085 
) | F | 0.10 | 0.15 | 0,004 | 0. 
| G | 18.29 | 18.54 | 0.720 | 0.730 
| H | 20.07 [ 20.57 | 0.790 | 0. 


0.405 
0.255 
50° 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS 
(VGs = O, Ip = 10 mA) 


| Zero Gate Voltage Drain Current 


I iVng = 50 V, Vgg=0) 


Gate-Body Leakage Current 
| (Vos = 20 V,Vps= 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage VGSith) 3.0 — Vde 
(Vps = 10 V,. Ip = 10 mA) . ; 
| Drain-Source On-Voltage VDS(on) 5.0 Vde | 
(Vgs 7 10 V, ip =2.5 A) | 
Forward Transconductance 
(Vps= 10 V, Ip = 2.5 A) 
DYNAMIC CHARACTERISTICS 


Input Capacitance . j . 
(Vps = 50 V, Veg = 0 V, f = 1.0 MHz) 


Output Capacitance 


(Vps = 50 V, Vgs = 0, f= 1.0 MHz) 


Reverse Tra nsfer Capacitance 
(Vps = 50 V, Veg = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 

Common Source Amplifier Power Gain (30 MHz) 
(Vpp = 50 V, Pout = 30 W (PEP), Ipg = 100 mA) (175 MHz) 

Drain Efficiency (30 W PEP) 


OAV AAT VAIN 
vVuvv) 


Intermodulation Distortion 
(Vpp = 50 V, Poyt = 30 W (PEP), 
f = 30; 30.001 MHz, IpDQ = 100 mA) 


AAS -- 
oe weevaa rene rad 


(Vpp = 50 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
Ipqg= 100 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gps 
(Vpp = 50 V, Pout = 10 W (PEP), f1 = 30 MHz, IMD,(q3) 


f2 = 30.001 MHz, Ip = 1.0 A) IMD(q9-13) 
(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 2-50 MHz BROADBAND TEST CIRCUIT 
sae C6: > OC? 


R4 


C3 
Cl, C2, C3, C4, C5, C6 — 0.1 uF Ceramic Chip or Equivalent R1, R2— 2000, 1/2 W Carbon 
C7 — 10 pF, 100 V Electrolytic: R3 — 4.7.0, 1/2 W Carbon 
C8 — 100 pF Dipped Mica R4 — 470 9, 1.0 W Carbon 
L1.— VK200 20/4B Ferrite Choke or Equivalent (3. O wh) _  T1— 4:1 Impedance Transformer 
L2 — Ferrite Bead(s), 2.0 nH .~ T2—1: 2 Impedance Tra nsformer 


~ MOTOROLA RF DEVICE DATA 
3-258 


MRF148 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


POWER GAIN (dB) | 
Pout, OUTPUT POWER (WATTS) 


2.0 5.0 10 20° “50. 100 200 0. 0.5 So : eee eee ar 
3 f, FREQUENCY (MHz) ey Rete Pin, INPUT POWER (WATTS) 


Te ee a SE FIGURE 5 — COMMON SOURCE UNITY GAIN 
FIGURED MD versisir aut FREQUENCY versus DRAIN CURRENT 
2000 


IMD, INTERMODULATION DISTORTION (dB) 
AT, UNITY GAIN FREQUENCY (MHz) 
=" 
oS 
[=] 


Pout, OUTPUT POWER (WATTS PEP) 


_ FIGURE 6 — 150 MHz TEST CIRCUIT 


Bias =e R2 yp Tete De __-¢ OC +50 Vde 


~ RF Output 


C7 
RF Input — ¢ 3 ; ) 
T1 7 
C1 — 91 pF Unelco Type MCM 01/010 L2 — 4 Turns # 18 AWG, 5/16” ID 
C2, C4 — 0.1 pF Erie Red Cap R1= 1.0 Ohm, 1/4 W Carbon 
C3 — Allen Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon 
C5 — 1.0 uF, 50 Vdc Electrolytic RFC1 — VK200 21/4B | 11 — 4-1 Impedance Ratio 
C6 — 15 pF Unelco Type J101 T1 — 4:1 Transformer, 1.75” Transformer, Line 
Impedance = 250 


C7 — 24 pF Unelco Type MCM 01/010 Subminiature Coaxial Cable 
L1 — 2 Turns # 18 AWG, 5/16” ID 
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FIGURE 8 — DC SAFE OPERATING AREA (SOA) 


FIGURE 7 — GATE VOLTAGE versus DRAIN CURRENT 
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Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


Vps, ORAIN-SQURCE VOLTAGE (VOLTS) 


Gate Shuntd By 100 0 
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CHARACTERISTIC IMPEDANCE 
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FIGURE 9 — IMPEDANCE COORDINATES — 50-OHM 


XK > AES 
LES 


Conjugate of the optimun load-impedance 


“ZOL 


into which the device output operates at a 


given output power, voltage and frequency. 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


~The physical structure of a MOSFET results in Capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VDS(on): occurs 


— in the linear region. of the output characteristic and is 


fabrication of the TMOS FET results in a junction capaci-_ 


tance from drain-to-source (Cds). 

These capacitances are characterized as input (Cjgs), 
output (Cogs) and reverse transfer (Crss) capacitances 
on data sheets. The relationships between the inter- 
terminal capacitances and those given on data sheets are 

shown below. The Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the 
gate. 


.. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 


specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, VDS(on) has a 
positive temperature coefficient and constitutes an 


_ important design consideration : at high temperatures, 


because it: contributes to the power dissipation within 


_ the device. 


are lower. However, neither method represents the 


actual operating conditions in RF applications. 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 


represents the small signal unity current gain frequency 


at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 


sweep speed, heating of the device does not occur. Thus, — 


in normal use, the higher temperatures may degrade 
these characteristics to some extent. . . 


GATE CHARACTERISTICS 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate- -to- “source threshold 
voltage, VGS(th). 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGscan result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the: gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 


on the input capacitor due to leakage currents or pickup. 


Gate Protection — These devices do not have an inter- 
nal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener diode is 


recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


Collector 
Emitter 
Base 


CBO 


VCE(sat) 
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| _ The RF TMOS Line | 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


_.. designed primarily for linear large-signal output stages in the 
2-175 MHz frequency range. _ . _ FET 


| 
® Specified 50 Volts, 30 MHz Characteristics 


Output Power = 150 Watts 
_. Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 


@ Superior High Order IMD ) 

® IMD(q3) (150 W PEP) = -32 dB (Typ) 

@ IMDiq11) (150 W PEP) = -60 dB (Typ) | 

® 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR | a | 


* 


150W 2.0-175 MHz 


N-CHANNELTMOS 
LINEAR RF POWER 


MAXIMUM RATINGS 


Drain — Source Voltage 


Drain — Gate Voltage © 
Gate — Source Voltage 


Drain Current — Continuous 


SEATING PLANE 


STYLE 2: 
PIN 1. SOURCE 
2. GATE 
3. SOURCE 
4, DRAIN 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. | 


Reasonable precautions in handling and packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


_Symbot | min | tye | Mex | Unit 


Characteristic 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs =O, Ip = 100 mA) 


Zero Gate Voltage Drain Current 
(Vps = 50 V, VGs = 0) 


| Gate-Body Leakage Current - 
(VGs = 20 V, Vps = 0) 
* ON CHARACTERISTICS 


Gate Threshold Voltage _ 
(Vps = 10 V, Ip = 100 mA) 
Drain-Source On- Voltage 
(VGs = 10V, Ip = 10 A) 


Forward Transconductance : 
(Vps = 10 V, Ip = 5.0.A) 


DYNAMIC CHARACTERISTICS 


input Capacitance 
(Vps = 50 V, Ves= OV, f= O MHz) 


Output Capacitance 
(Vps= 50 V,Vgs=0,f=1.0 MHz) 


Reverse Tra nsfer Ca pacita nce 
(Vps= 50 V, VG6s= O, f= 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common Source Amplifier Power Gain 
(Vpp = 50 V, Poyt = 150 W (PEP), Da = 250 mA) 


Drain Efficiency 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
Ip (Max) = 3.75 A) 


Intermodulation Distortion (1) . 
(Vpp = 50 V, Pout = 150 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ilpg = 250 mA) 


Load Mismatch =. oo , , 
(Vpp = 5OV, Pout = = 150 w (PEP), f = 30; 30.001 MHz, — w No Degradation in Output Power 
IpQ = 250 mA, VSWR 30: 1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain 
(Vpp = 50 V, Poyt = 50 W (PEP), f1 = 30 MHz, _IMDiqg3) 
f2 = 30.001 MHz, Ipq = 3.0 A) -IMDigg- 13) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone, 


Gps 


FIGURE 1 — ‘30 MHz TEST CIRCUIT (CLASS AB) 


RF 
Input 


C1 — 470 pF Dipped Mica C10— 10 uF/100 V Electrolytic 
C2, C5, C6, C7, C8, C9 — 0.1 wF Ceramic Chip or L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 wH 
Monolythic with Short Leads L2 — Ferrite Bead(s), 2.0 wH 
C3 — 200 pF Unencapsulated Mica or Dipped Mica R1,R2 — 510/1.0 W Carbon 
with Short Leads © . R3 — 3.3 0/1.0 W Carbon (or 2x 6.8 0/1/72 W in Parallel | 
C4 — 15 pF Unencapsulated Mica or Dipped Mica T1 — 9:1 Broadband Transformer 
with Short Leads T2 — 1:9 Broadband Transformer 
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FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — COMMON SOURCE UNITY GAIN 
FREQUENCY versus DRAIN CURRENT 


Ip, DRAIN CURRENT (AMPS) 


FIGURE 6 — GATE VOLTAGE versus 
DRAIN CURRENT 
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FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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> *Zoy = Conjugate of the optimum load impedance 
- into which the device output operates ata 


NOTE: Gate Shunted By 25 Ohms. 


FIGURE 8 — 150 MHz TEST CIRCUIT (CLASS AB) — 


RFC2 oe 
+50 Vde 
+ 
; C10 C11 
al 
Bias : n ae =~ = 
-12V ’ ~D.U.T. ~ ~ ; 
ot? C4as apcsh, © DUT C9 
- RFC1 , : ©) RF Output 
C1 L1 L2 L3 
RF input (G C6 C7 co 
C2 C3 D1 
C1, C2, C8 — Arco 463 or equivalent 
C3 — 25 pF Unelco | a ~ D1 — 1N5347 Zener Diode 
C4 — 0.1 wF Ceramic 7 L1 — 3/4” #18 AWG into Hairpin . 
C5 — 1.0 pF, 15 WV Tantalum L2 — Printed Line, 0.200” x 0.500” 
C6 — 250 pF Unelco J101 L3 — 1” #16 AWG into Hairpin 
C7 — 25 pF Unelco J101 L4 — 2 Turns #16 AWG, 5/16 ID 
C9 — Arco 262 or equivalent RFC1 — 5.6 wH Choke 
C10 — 0.05 uF Ceramic RFC2 — VK200-4B 
C11 — 15 pF, 60 WV Electrolytic R1, R2 — 150 9, 1.0 W Carbon 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate structure 
determines the capacitors trom gate-to-drain (Cga), and 
gate-to-source (Cgs). The PN junction formed during the 
tabrication of the TMOS FET resuits in a junction capaci- 
tance from drain-to-source (Cqs). . | 

These capacitances are characterized as input (Cjgs), 
output (Cogs) and reverse transfer (Crgs) capacitances 
on data sheets. The relationships between the inter- 
terminal capacitances and those given on data sheets are 


a we we oe me Se oe SS 


mune bem time Thm of. an = onarifiad in ty . 
shown below. The Viss Can be Speciiied imi two Ways: 


. Drain shorted to source and positive voltage at the 


2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither. method represents the 
actual operating conditions in RF applications. 


Cds 


C 
gs Source 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional 
information on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VpS(on), occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vpsion) has a 
positive temperature coefficient and constitutes an 
important design consideration at high temperatures, 
because it contributes to the power dissipation within 
the device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET isa polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 
109 ohms — resulting in a leakage current of a few 
nanoamperes. 
~ Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold 


_ voltage, VGS\th). 


Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

- Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build-up 
on the input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an inter- 
nal monolithic zener diode from gate-to-source. If 
gate protection is required, an external zener diode is 


recommended. 
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aa SEMICONDUCTOR 
TECHNICAL DATA 


The RF TMOS Line BS 
Power Field Effect Transistor 


N-Channel Enhancement 
| Mode TMOS RF 


MRF153__ 


“ TMOS LINEAR 
_ RF POWER FETs 


300 WATTS _ 
2-100 MHz — 


... designed primarily for linear large-signal output 
stages in the 2-100 MHz frequency range. 
® Specified 50 Volts,.30 MHz Characteristics 

Output Power = 300 Watts . 

Power Gain = 17 dB (Typ) 

Efficiency = 45% (Typ) 


CASE 368-01. 


és 


| DrannGateVotage ——OSCSCSCSC~“‘“~*S*~“~“<CSt 
[GeteSoucevorage SSOSCSCSC~SSSd 


Drain Current — Continuous - 


MAXIMUM RATINGS 


Rating 


4 


Unit 
Adc 


Total Device Dissipation @ Tc = 25°C 700 Watts 
Derate above 25°C . W/C. 
qy 


Storage Temperature Range - Tstg ~—65 to +150 
Operating Junction Temperature . re . tm | 200 


THERMAL CHARACTERISTICS 7 


200 
Thermal Resistance, Junction to Case —— R@JC > 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging 
MOS devices should be observed. : 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic _ 


OFF ; CHARACTERISTICS 


Drain-Source Breakdown Voltage _ V(BR)DSS 
(VGs = 0, Ip = 100 mA) | 


Zero Gate Voltage Drain Current IpDss mAdc 
(Vns = 50 V,Ves = 0) 


Gate-Body Leakage Current Icss — — 3 pAdc 
(Vas = 20 V. Vng = 0) . . 


ON CHARACTERISTICS 


| Gate Threshold Voitage | VGSith) 
(Vps = 10 V, Ip = 100 mA) 7 


Drain-Source On-Voltage VS(on) 


Nie AN VS 1. 


{ WwGS ~ vv, 1D = 20 A} 


Forward Transconductance . Ofs 8 10 — —_— ~ mhos 
(Vps = 10 V, Ip = 10 A) | . 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 50 V, Ves = OV, f = 1 MHz) 


Output Capacitance 


(Vpg = 50 V, Veg = 0, f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 50 V, Ves = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common Source Amplifier Power Gain 
(Vpp = 50 V, Pout = 300 W, Ipq = 400 mA) 


Drain Efficiency 
(Vpp = 50 V, Poyt = 300 W, f = 30 MHz) 


Intermodulation Distortion 
(Vpp = 50 V, Pout = 300 W(pEp), f1 = 30 MHz, 
f2 = 30.001 MHz, Ipq = 40 mA) | 


. O+ 
. . L2 L3 TT OV 
~ . 7 7 D.U.T. C15 C16 C17 C18 


Ci2 |C13 


RF 


Input Vt 
cn I 
= 1] RF: 
11 Output 
C1, C3, C8 — Arco 469 
C4, Ci2 — 1000 pF C8 
C5, C19, C20 — 0.47 uF, RMC Type 2225C 
C6, C7, C14, C15, C16 — 0.1 uF a 
C11 — 470 pF . 
C13 — Two Unencapsulated 1000 pF Mica, in Series L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C17, C18 — 0.039 pF T1 — RF Transformer, 1:16 Impedance Ratio. See Motorola 
C21 — 10 F/100 V Electrolytic Application Note AN-749, Figure 4 for details. 
R1, R2 — 10 Ohms/2W Carbon Ferrite Material: 2 Each, Fair-Rite Products Corp. #2667540001 


L1 — 2 Turns #16 AWG, 1/2" ID, 1/4” Long 


All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 


Figure 1. 30 MHz Test Circuit 
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Figure 2. Power Gain versus Frequency | Figure 3. Output Power versus Input Power 
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Figure 4. Series Equivalent Impedance 
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Ip, DRAIN CURRENT (AMPS) 


Ips, DRAIN CURRENT (AMPS) 


tN 


= TEMP. TRACKING 


C1 — 1000 pF Ceramic R7 — 10 k 

C2, C3, C4, C8, C9, C10, C11 — 0.1 wF Ceramic R8 — Thermistor, 10 k (25°C), 2.5 k (75°C) 

C5 — 10 wF/100 V Electroiytic " R9, R10 — 100 Ohms 

C6, C7 — 0.1 uF Ceramic, (ATC 200/823 or Equivalent) Ri1, R12 — 1.0 k 

D1 — 28 V Zener, 1N5362 or Equivalent R13, R14 — 50-100 Ohms, 4 x 2 W Carbon in Parallel 

D3 — 1N4148 T1 — 9:1 Transformer, Trifilar and Balun Wound on Separate 

IC1 — MC1723 Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each. 
L1, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 T2 — 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188, 

R1, R2, R3 — 10 k Trimpot Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN 1837. 
R4— 1.0k/1.0 W Each Winding Threaded Through Two Fair-Rite Products Corp. 
R5 — 10 Ohms #2661540001 Ferrite Sleeves (6 Each). 

R6 — 2.0 k 


Figure 5. 20-80 MHz 500 W Broadband Amplifier 
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2500 

a 

-s 
= 
= 
S 
S) 

Vps, DRAIN-SOURCE VOLTAGE (VOLTS) . Vos, DRAIN VOLTAGE (VOLTS) 
Figure 6. DC Safe Operating Area Figure 7. Capacitance versus Drain Voltage 
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TYPICAL DEVICE SHOWN 
Vps = 10V 

Ves(th) = 35V 

Qfg = 12 mhos 


ft, UNITY GAIN FREQUENCY (MHz) 
= 


400 
200 
ot | | | [ | [| [ | Ty 
| | 0 10 20 30 
Vgg, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPS) 
Figure 8. Gate Voltage versus Drain Current Figure 9. Common Source Unity Gain 


Frequency versus Drain Current 
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TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES © 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate struc- 
ture determines the capacitors from gate-to-drain (Cgq), 
and gate-to-source (C gs). The PN junction formed during 
the fabrication of the TMOS FET results in a junction 
capacitance from drain-to-source (Cqg). 

These capacitances are characterized as input (Cjgs), 


output (Cogs) and reverse transfer (C;gs) capacitances on | 


data sheets. The relationships between the interterminal 


capacitances and those given on data sheets are shown. 


below. The Cjgg can be specified in two ways: 


. Drain shorted to source and positive voltage at the 
gate. : 


2. Positive voltage of the drain in respect to source and 
zero volts at the gate. In the latter case the numbers 
are lower. However, neither method represents the 
actual operating conditions in RF applications. 


Cisg = Cgq + Cys 


Cds Coss = Cod + Cds 
Crsg = Cgd 


SOURCE 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional in- 
formation on the capabilities of this device. The graph 
represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fy for 
_ bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VpS(on), Occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vps(on) has a 
positive temperature coefficient and constitutes an im- 
portant design consideration at high temperatures, be- 
cause it contributes to the power dissipation within the 
device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET is a polysilicon material, 
and is electrically isolated from the source by a layer of 
oxide. The input resistance is very high — on the order 
of 109 ohms — resulting in a leakage current of a few 
nanoamperes. 


Gate control is achieved by applying a positive voltage 
slightly i in excess of the gate-to-source threshold voltage, 
VGS(th)- 3 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vgs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build- 
up on the input capacitor due to leakage currents or 
pickup. — | | 

Gate Protection — These devices do not have an in-. 


_ ternal monolithic zener diode from gate-to-source. The 


addition of an.internal zener diode may result in detri- 
mental effects on the reliability of a power MOSFET. If 
gate protection is required, an external zener diode is 
recommended. 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS © 


The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal 
resistance between the device flange and the heat 


-dissipator. 


Since the device mounting flange is made of soft cop- 
per, it may be deformed during various stages of han- 
dling or during transportation. It is recommended that 
the user makes a final inspection on this before the device 
installation. +0.0005” is considered sufficient for the 
flange bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is strongly recommended between the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in 
all interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the 
area of 4—5 lbs.-inch, and spring type lock washers along 
with flat washers are recommended. 

For die temperature calculations, the A. temperature 
from a corner mounting screw area to the bottom center 
of the flange is approximately 5°C and 10°C under normal 
operating conditions (dissipation 150 W and 300 W 
respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 


CIRCUIT CONSIDERATIONS 


At high power levels (500 W and up), the circuit lay- 
out becomes critical due to the low impedance levels and 
high RF currents associated with the output matching. 
Some of the components, such as capacitors and induc- 
tors must also withstand these currents. The component 
losses are directly proportional to the operating fre- 
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quency. The manufacturers specifications on capacitor — and the impedance levels are higher for a given power 
ratings should be consulted on these aspects prior. to. output. High power broadband transformers are also eas- 
design. _ eM: es ier to design than comparable LC matching networks. 


Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


COMCCION: 4 23.4 abe bd dete aes Drain 
Emitter . soe bie oe ee ee a aoe Source 
Base: even yl Gos old Gate 
V(BR)CES «+e eee bee V(BR)DSS 
VERO. xine Ginko ater or ee ace pee 
LOM 2.4: greatness om a D 
CES Cred Sth ee ahh tes hada DSS 
EBO! aes gt ese et PR ae ee GSS 
VBE(on) «eee ttt eee eee VGS(th) 
VE (sat) Ae ee Rp eeeses “oSion) 
ib Sel Rica ta oR. Ca Ss tes SE Ce ee nS iss 
Cob i Coss 
hfe obi nhs eee Cie. BER PRB eae 8 Ofs 
VGElsat): os #2 hale serena _ VDSion) 
RCE(sat) = Ie 'DS(on) = aa 


NOTES: 

1, DIMENSIONS A AND B ARE DATUMS AND TIS 
BOTH A DATUM AND SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR F DIAMETER. 
[+|.60.25 (.010) @ [T/A @ [BO] 

3. DIMENSIONING AND TOLERANCING PER 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 


MILLIMETERS INCHES 


DIM | MIN MAX | MIN” | MAX 


STYLE 2: 
PIN 1. DRAIN 
2. GATE 
3. SOURCE 


| 495 | 5.21 | 0. 


19.05 BSC_ 


31.75 BSC 
J 1,39 
|K | 10.54. | 11.05 _| 
LCN 0.910 


CASE 368-01 . 
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__ MOTOROLA ; 
a SEMICONDUCTOR 
TECHNICAL DATA 


The RF TMOS Line 


Power Field Effect Transistor 
N-Channel Enhancement 
Mode TMOS RF 


... designed primarily for linear large-signal output 
_ stages in the 2-100 MHz frequency range. 


® Specified 50 Volts, 30 MHz Characteristics 
Output Power = 600 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 


MRF154 


_ TMOS LINEAR 
- RF POWER FETs 


600 WATTS 
2-100 MHz 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage _ 125 ~~ MVde 
a a 
Total Device Dissipation @ Tc = 25°C oe, ae | 
Derate above 25°C _. 7.7 
| Max 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and packaging 


MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Drain-Source Breakdown Voltage V(BR)DSS 125 Vdc 
(VGs = 0, Ip = 100 mA) 
Zero Gate Voltage Drain Current Ipss 20 mAdc 
(Vong = 50 V, Vas = 0) . = 
_l@ss 
(Veg = 20 V. Vong = 0) 
ON CHARACTERISTICS 


| Gate Threshold Voltage | VGsith) 
(Vps = 10 V, Ip = 100 mA) | 
Drain-Source On-Voltage oe VDS(on) 
Was = 10, Ip = 40 A) m_ 
So an 
Forward Transconductance os Ofs mhos 
(Vpsg = 10V, Ip = 20A) | , 7 | 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 50 V, Vag .= OV, f = 1 MHz) 


Characteristic — 


OFF CHARACTERISTICS 


i 
| Gate-Body Leakage Cierent 


Output Capacitance 


(Vps = 50 V, Ves = 0, f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 50 V, Ves = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common Source Amplifier Power Gain 
(Vpp = 50 V, Pout = 600 W, lpg = 800 mA, f = 30 MHz) 


Drain Efficiency 
(Vpp = 50 V, Pout = 600 W, IDO = = 800 mA, f = 30 MHz) 


‘intermedulanon Distortion 
(Vpp = 50 V, Pout = = 600 W(PEP), f= 30 MHz, 
f2. = 30.001 MHz, Ipq = 800 mA) 


C15 C16 | C17 C18 | 
~ eee jee 


C10 C11 C12 


Input C9 


Mer 12 i 


C1, C3, C8 — Arco 469 
_ C2 — 330 pF 
C4 — 680 pF 
C5, C19, C20 — 0.47 uF, RMC Type 2225C 
C6, C7, C14, C15, C16 — 0.1 uF 
c3, C10, C11 — 470 pF 
C12 — 1000 pF 
C13 — Two Unencapsulated 1000 pF Mica, in Series L2, L38 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C17, C18 — 0.039 uF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola 
C21 — 10 «F/100 V Electrolytic Application Note AN-749, Figure 4 for details. 
R1, R2 — 10 Ohms/2W Carbon Ferrite Material: 2 Each, Fair-Rite Products 
L1— 2 Turns #16 AWG, 1/2” ID, 3/8” Long Corp. #2667540001 


Output .. 


All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 


FIGURE 1 — 30 MHz TEST CIRCUIT 
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~ Pin, INPUT POWER (WATTS) 


: maeGueiiey (MHz) 


Figure 2. Power Gain versus Frequency 


Figure 3. Output Power versus Input Power 
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Figure 5. Capacitance versus Drain Voltage 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 4. DC Safe Operating Area - 


SLOT FT 
oT BSI 


24 mhos 


TYPICAL DEVICE SHOWN ~ 


Vps = 10V 
V@s(th} = 3.5 V 


Ofs 


(Sd) LN3YHN9 NivHd ‘SO| 


Ip, DRAIN CURRENT (AMPS) 


VGs. Gaon VOLTAGE saiees 


Figure 7. Common Source Unity Gain Frequency 


Figure 6. Gate Voltage versus Drain Current 


versus Drain Current 
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_ Figure 8. Series Equivalent Impedance 


C1— 1000 pF Ceramic | , R7 — 10k 

C2, C3, C4, C8, C9,.C10, C11 —.0.1 wF Ceramic a oe R8 — Thermistor, 10 k (25°C), 2.5 k (75°C) ' 

C5 — 10 »F/100 V Electrolytic R9, R10 — 100 Ohms 

C6, C7 — 0.1 uF Ceramic, (ATC 200/823 or Equivalent) R11, R12 — 1.0k. . . 

D1 — 28 V Zener, 1N5362 or Equivalent = R13, R14 — 50-100 Ohms, 4 x 2 W Carbon in Parallel 

D3 — 1N4148 © a ies) T1 — 9:1 Transformer, Trifilar and Balun Wound on Separate 

IC1 — MC1723 . i Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each. 
Li, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 | T2 — 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188, ; 
Ri, R2, R3 — 10 k Trimpot ‘ Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN- 
R4— 1.0k/1.0 W 1837. - 
R5—10O0Ohms_. Each Winding Threaded Through Two Fair-Rite Products Corp. 


R6 — 2.0 k #2661540001 Ferrite Sleeves (6 Each). 


Figure 9. 20—80 MHz 1 kW Broadband Amplifier 


MOTOROLA RF DEVICE DATA 


3-276 


MRF154 


-TMOS POWER FET CONSIDERATIONS 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capaci- 
tors between the terminals. The metal oxide gate struc- 


ture determines the capacitors from gate-to-drain (Cgq), 


and gate-to-source (Cgs ). The PN junction formed during 
the fabrication of the TMOS FET results in a junction 
capacitance from drain-to-source (Cqg). 


These capacitances are characterized as input (Cjsgs),. 


output (Cogs) and reverse transfer (Cygg) capacitances on 
data sheets. The relationships between the interterminal 
capacitances and those given on data sheets are shown 
below. The Cigg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the 
gate. 


2. Positive voltage of the drain in respect to source and 


zero volts at the gate. In the latter case the numbers » 


are lower. However, neither method represents the 
actual operating conditions in RF applications. 


Cisg = Cgq + Cgs 


Cds Coss = Cgq + Cag 
Criss = Cod a 


Source 


LINEARITY AND GAIN CHARACTERISTICS 


In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional in- 
formation on the capabilities of this device. The graph 
_ represents the small signal unity current gain frequency 
at a given drain current level. This is equivalent to fT for 
bipolar transistors. Since this test is performed at a fast 
sweep speed, heating of the device does not occur. Thus, 
in normal use, the higher temperatures may degrade 
these characteristics to some extent. 


DRAIN CHARACTERISTICS 


One figure of merit for a FET is its static resistance in 
the full-on condition. This on-resistance, VDS(on), Occurs 
in the linear region of the output characteristic and is 
specified under specific test conditions for gate-source 
voltage and drain current. For MOSFETs, Vps(on) has a 
positive temperature coefficient and constitutes an im- 
portant design consideration at high temperatures, be- 
cause it contributes to the power dissipation within the 
device. 


GATE CHARACTERISTICS 


The gate of the TMOS FET is a polysilicon material, 
and is electrically isolated from the source by a layer of 


oxide. The input resistance is very high — on the order 
of 109 ohms — resulting in a leakage current of a few 
natleamperes: 

Gate control is achieved by applying a positive voltage 
slightly in: excess of the gate-to- source threshold voltage, 


VGS\th)- 


Gate Voltage Rating — Never exceed the gate voltage ~ 
rating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 


Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions | 
can result in turn-on of the devices due to voltage build- 
up on the input capacitor due to leakage currents or 
pickup. 


Gate Protection — These devices do not have an in- 
ternal monolithic zener diode from gate-to-source. The 
addition ofan internal zener diode may result in detri- 
mental effects on the reliability of a power MOSFET. If 
gate protection is required, an external zener diode is 
recommended. | 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 


The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal 
resistance between the device flange and the heat 
dissipator. 

Since the device mounting flange is: made of soft cop- 
per, it may be deformed during various stages of han- 
dling or during transportation. It is recommended that 
the user makes a final inspection on this before the device 
installation. +0.0005” is considered sufficient for the 
flange bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is strongly recommended between the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in 
all interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the 
area of 4—5 Ibs.-inch, and spring type lock. washers: along 
with flat washers are recommended. | 

For die temperature calculations, the A temperature 
from a corner mounting screw area to the bottom center 
of the flange is approximately 5°C and 10°C under normal 


- operating conditions (dissipation 150 W and 300 W 


respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 


~MOTOROLA RF DEVICE DATA 


2.977 


MRF154 | 
CIRCUIT CONSIDERATIONS 
At high power levels (500 W and up), the circuit lay- 


ratings should be consulted on these aspects prior to 
design. 


Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, 
and the impedance levels are higher for a given power 
output. High power broadband transformers are also eas- 
ier to design than comparable LC matching networks. 


out becomes critical due to the low impedance levels and 
high RF currents associated with the output matching. 
Some of the components, such as capacitors and induc- 
tors must also withstand these currents. The component 
losses are directly proportional to the operating fre- 
quency. The manufacturers specifications on capacitor 
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RCE(sat) = ic rDS(on) = 7 


OUTLINE DIMENSIONS 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND TIS 
BOTH A DATUM AND SEATING PLANE. 
2, POSITIONAL TOLERANCE FOR F DIAMETER. 


[4] 6 0.25 (.010) @ [TIA @ [8 @ | 
3. DIMENSIONING AND TOLERANCING PER 
Y14.5M, 1982. 
4, CONTROLLING DIMENSION: INCH. 


STYLE 2: 
PIN 1. DRAIN 
2. GATE 
3. SOURCE | 


CASE 368-01 
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MOTOROLA 
TECHNICAL DATA | a os MRF161 


The RF Line | 


5.0 W 2.0-400 MHz 


N-CHANNEL TMOS 


N-CHANNEL ENHANCEMENT-MODE 
BROADBAND RF POWER 


TMOS RF POWER FIELD-EFFECT TRANSISTOR 


... designed for wideband large-signal amplifier and oscillator 
applications in the 2.0 to 400 MHz range. ‘es 
® Guaranteed 28 Volt, 400 MHz Performance 

Output Power = 5.0 Watts | 

Minimum Gain = 11 dB 

Efficiency = 50% (Typical) 
® Small-Signal and Large-Signal Characterization 
@ 100% Tested for Load Mismatch At All Phase Angles | 

With 30:1 VSWR oa 


Low Noise Figure — 3.0 dB (Typ) at 100 mA, 400 MHz 


@ Excellent Thermal Stability, |ldeally Suited For Class A 
_ Operation : 


FET 


Facilitates Manual Gain Control, ALC and Modulation 
Techniques 


MAXIMUM RATINGS 


Rating Symbol 
Drain-Gate Voltage VDGR (ree Ee 
(Rgs = 1.0 MQ) . . “ele 

Gate-Source Voltage VGs Vdc 


Total Device Dissipation @ Tc = 25°C ae | . 


8-32 NC 2A — 
WRENCH FLAT 


STYLE 3: 


PIN 1, SOURCE 
2. GATE 
3. SOURCE 
4. DRAIN 


Derate above 25°C 


Storage Temperature Range x 6 moe 
Operating Junction Temperature | 


MILLIMETERS INCHES 
X |. MIN | MAX 


0.278 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case. °C/W 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Resonable precautions in handling and packaging MOS devices should be observed. 


3.00 | 3.25 
1.40 | 1.78 | 0.055] 0.070 | 
0.115 
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ELECTRICAL CHARACTERISTICS Hes 25°C unless otherwise noted) 


IGSs uAdc 
(VGs = 40 V, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage . 7 _ - VGsith) 
(Vps = 10 V, Ip = 10 mA) 
| Forward Transconductance 
(Vps = 10 V, Ip = 100 mA) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vps = 28 V, Ves = 0, f = 1.0 MHz) 
Output Capacitance 

(Vps = 28 V, Ves = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) | 


Noise Figure 
(Vps = 28 Vdc, Ip = 100 mA, f = 400 MHz, 
Zs = 67.6 + j14.1, ZL = 14.5 + j25.7) 
Common Source Power Gain . 
(Vpp = 28 Vdc, Poyt = 5.0 W, f = 400 MHz, IpQ = 50 mA) 
Drain Efficiency 
(Vpp = 28 Vdc, Pout = 5.0 W, f = 400 MHz, Ilpq: = 50 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Pout = 5.0 W, f = 400 MHz, Ipg = 50 mA, 
VSWR 30:1 at All Phase Angies) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = 0, Ip = 5.0 mA) 


Vv 
| (Vps = 28 V, A Wier ioe 


| Gate-Source Leakage Current 


FIGURE 1 — 400 MHz TEST CIRCUIT 


- RFC2 
VBias ‘ VDD 
+28 V ; +28V 
R2 c12 [C13 c14] C15}+ 
C1 4 ms 
D1 RFC1 = 
= C3 
C2 R3 
RF C4siLL L2 
Input { ' 
C5 C6 C7 
C1, C2, C13 — 0.1 pF, 50 V Disc Ceramic L1 — 1-3/4 Turns, 0.185” ID 0.08” Long #20 AWG Enamel — (25 nH) | 
C3 — 0.01 uF, 100 V Disc Ceramic L2 — #20 AWG Enamel, Hairpin (\fo. 353” — (10.5 nH} 
C4, C10. — 220 pF, 100 Mil Chip Cap — -0.185" 
C5 — 1-10 pF Johanson or Equivalent 
C6 — 5.0 pF Mini-Unleco or Equivalent L3 — 1-3/4 Turns, 0.128" ID 0.11" Long #18 AWG Enamel! — (15 nH) 
C7 — 1-20 pF Johanson or Equivalent L4 — #18 AWG Enamel, Hairpin (\ J 0.410" — (12.5 nH) 
C8 — 15 pF, 100 Mil ATC Chip Cap or Equivalent —| 10.185" 
C9, C11 — 2.2, 100 Mil ATC Chip Cap or Equivalent 
C12, C14 — 680 pF Feedthru RFC1 — 10: Turns, 0.300’ ID #20 AWG Enamel Closewound 
C15 — 50 uF, 35 V RFC2 — Ferroxcube VK-200 
R1 —.1.6 kQ, 1/4 W Z1 — 0.82” x 0.164” Microstrip — (ZQ = 50 1) 
R2 — 10 Turns 10 kQD 22, Z3 — 0.60" x 0.25” Microstrip 
R3— 10 k, 1/2 W Z4 — 0.76" x 0.164" Microstrip — (Z9 = 500) © 


D1 — 1N5347B Motorola Zener or Equivalent Board-Glass Teflon, 62 Mils, ep = 2.56 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 7 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 
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Ip, DRAIN CURRENT (MILLIAMPS) 


C, CAPACITANCE (pF) 


FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 


(TRANSFER CHARACTERISTICS) 
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FIGURE 11 — CAPACITANCE versus VOLTAGE 
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FIGURE 12 — MAXIMUM RATED FORWARD BIASED 
SAFE OPERATING AREA 
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FIGURE 13 — LARGE-SIGNAL SERIES EQUIVALENT INPUT AND 
OUTPUT IMPEDANCE, Zin, ZoL* 
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FIGURE 14 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM 
_Vps = 28 V, Ip = 250 mA 
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FIGURE 15 — S74, INPUT REFLECTION COEFFICIENT ; _ FIGURE 16 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY e : ‘versus FREQUENCY : 


Vos = 28 V, Ip = 250 mA Case abe Vps = 28V, Ip = 250mA_ > 


FIGURE 17 — S21, FORWARD TRANSMISSION COEFFICIENT FIGURE 18 — S27, OUTPUT REFLECTION COEFFICIENT 


’ versus FREQUENCY - versus FREQUENCY 


 Vpg = 28 V, Ip = 250 mA | Vos = 28 V, Ip = 250 mA 


400 MHz 225 MHz 


800 MHz 150 MHz——_ 
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DESIGN CONSIDERATIONS 

The MRF161 is a TMOS RF power N-Channel en- 
hancement mode field-effect transistor (FET) designed 
especially for UHF power amplifier and oscillator ap- 
plications. Motorola TMOS FETs feature a vertical struc- 
ture with a planar design, thus avoiding the processing 
difficulties assaciated with V-aroove vertical power 
FETs. 

Motorola Application Note AN211A, FETs in Theory 
and Practice, is suggested reading for those not familiar 
with the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs in- 
clude high gain, iow noise, simpie bias systems, relative 
immunity from thermal runaway, and the ability to with- 
stand severely mismatched loads without suffering 
damage. Power output can be varied over a wide range 


with a low power dc control signal, thus facilitating - 


manual gain control, ALC and modulation. 


DC BIAS os | 

The MRF161 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied 
to the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF161 was characterized at Ipq = 50 mA, which is 
the suggested minimum value of lpg. For special .ap- 
plications such as linear amplification, IpQ may have to 
be selected to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some applications 
may require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF161 may be controlled from 
its rated value down to zero (negative gain) by varying 
the dc gate voltage. This feature facilitates the design 
of manual gain control, AGC/ALC, and modulation sys- 
tems. (See Figure 8.) | 


AMPLIFIER DESIGN | 

lmpedance matching networks similar to those used 
with bipolar UHF transistors are suitable for the 
MRF161. See Motorola Application Note AN721, Imped- 
ance Matching Networks Applied to RF Power Transis- 
tors. The higher input impedance of TMOS FETs helps 
ease the task of broadband network design. Both small 
signal scattering parameters and large signal imped- 
ances are provided. While the s-parameters will not pro- 
duce an exact design solution for high power operation, 
they do yield .a good first approximation. This is an 
additional advantage of TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF161, yields a device capable of self oscillation. Sta- 
bility may be achieved by techniques such as drain load- 
ing, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
iVRFi61 s-parameters provides a usefui tool for selec- 
tion of loading or feedback circuitry to assure stable 
operation. See Motorola Application Note AN215A for 
a discussion of two port network theory and stability. 


FIGURE 19 — 400 MHz TEST CIRCUIT 
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wi SEMICONDUCTOR mm 
TECHNICAL DATA — 


The RF Line 


N-CHANNEL ENHANCEMENT-MODE 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 
. designed for wideband large-signal output and driver applica- 
tions in the 2.0 to 400 MHz range. - 


@ Guaranteed 28 Volt, 400 MHz Performance 

. Output Power = 15 Watts . 
Minimum Gain = 11 dB 
Efficiency = 50% (Typical) 

@ Small-Signal and Large-Signal Characterization 


® 100% Tested for Load Mismatch At All Phase Angles . 
With 30:1 VSWR 


eo Low Noise Figure — 2.0 dB (Typ) at 300 mA, 400 MHz 
Excellent Thermal Stability, Ideally Suited For Class A Operation 


Facilitates Manual Gain Control, ALC and Modulation Techniques 


MAXIMUM RATINGS | 


Rating | Symbol Value Unit 


Voss _ 


Drain-Source Voltage 


Drain-Gate Voltage 
(RGs = = 1 oO MO) 


Cue: Source Voltage 


Drain Current — Continuous 


Total Device Dissipation @ @ To= ote 
Derate above 25°C 


Watts 
O. os Wed 


Symbol 


Storage Ternperature Range ~ 


Operating Junction Temperature. 


THERMAL CHARACTERISTICS 


Characteristic 


Trerimal Resistance, junétion to Case RygJc 


Handling and Packaging — MOS devices-are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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15 W -2.0-400 MHz. ~ 


‘N-CHANNELTMOS 
BROADBAND RF POWER | 


FET 


SEATING 


; j PEANE 
8-32 NC 2A — 
WRENCH FLAT {- 
E 
B 


STYLE 3: 
PIN 1. SOURCE 


[om MILLIMETERS| INCHES | 


MHF I16Z 


ELECTRICAL CHARACTERISTICS (To - 25°C unless otherwise noted) 


Characteristic 


Drain-Source Breakdown Voltage 


= CHARACTERISTICS 
(Vas = 0. Ip = scala g 


Volt tage Drain Current 


mabenARn 


fae etre 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 25 mA) 


Forward Transconductance 
(Vps = 10 V, Ip = 250 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Ves =0,f= 1.0 MHz) 


Output Capacitance 


(Vps = 28 V, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance - 
(Vps = 28 V, Vgg = O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure 
(Vps = 28 Vdc, Ip = 300 mA, f = 400 MHz, 
Zs = 5.9+j7.80, ZL = 3.78 + j5.75 9) 


Common Source Power Gain 
(Vpp = 28 Vdc, Poyt = 15 W, f = 400 MHz, Ipg = 50 mA) 


Drain Efficiency 
(Vpp = 28 Vdc, Pout = 15 W, f = 400 MHz, ipo = 5O mA) 


Electrical Ruggedness 


No Degradation. in Output Power 


(Vpp = 28 Vdc, Pout = 15 W, f = 400 MHz, Da 50 mA, | 
|  YSWR 30:1 at All Phase Angles) age. a aS 
L pee SAR et a ae eh gn te i 
FIGURE 1 — 400 MHz TEST CIRCUIT 
RF 
aS Vop=28V 
ie C14 
Ci ay i c 
C13 ~ 


Input 


C1, C2,.C3 — 1-20’ pF Johanson or Equivalent ie = 
C4, C7 — 270 pF, 100 Mil Chip Cap 

C5 — 18 pF Mini-Unleco or Equivalent 

C6 — 12 pF, 100 Mil Chip Cap 

C8 — 0.01 uF, 50 V Disc Ceramic 

C9, C10, C12 — 0.1 uF, 50 V Disc Ceramic 

C11, C14 — 680 pF Feedthru - 

C13—20yF,50V > 

D1 — 1N5925A Motorola Zener 

R1—10kQ, 1/4. W 
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- Board — Glass Teflon, 62 Mils, e, = 


R2 — 10 Turns 10 kQ) 

R3 — 1.6kQ, 1/4 W 

RFC1 — 10 Turns, 0.300” 
Enamel Closewound | 

RFC2 — Ferroxcube VK-200 — 19./4B 

Z1 — 1.5” x 0.250” Microstrip 

Z2 -— 0.6" =x 0.250" Microstrip 

Z3 — 1.3" x 0.250” Microstrip 

24 — 0.85” x 0.250” Microstrip 


ID #20 AWG 


2.56 


MRF162 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE | 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE | 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 


(TRANSFER CHARACTERISTICS) 
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FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 14 — LARGE SIGNAL SERIES EQUIVALENT 


FIGURE 13 — LARGE SIGNAL SERIES EQUIVALENT 
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FIGURE 15 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM : 
Vps=28V,!Ip=0.5A 
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FIGURE 16 — S71, INPUT REFLECTION COEFFICIENT 
v 


versus FREQUENCY 


FIGURE 17 — S12, REVERSE TRANSMISSION COEFFICIENT © 
— . .Vpg=28V,Ip=0.5A oo 


ersus FREQUENCY 


Vps = 28V, Ip=0.5A . 
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DESIGN CONSIDERATIONS 


The MRF162 is aTMOS RF power N- Gnannevennance: 


ment mode field-effect transistor(FET) designed especial- 
ly for UHF power amplifier applications. Motorola TMOS 


iuré a verticai structure with a planar design, 
t 


thus avoiding the processing difficulties associated with 
V-groove vertical power FETS. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 


the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs tnclude 
high gain, low noise, simple bias systems, relative immu- 
nity fram thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 

The MRF162 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF162 was characterized at IpQ = 50 mA, which is the 
suggested minimum value of Ipqg. Forspecial applications 


Inn may hayat to ho selactad 


I ray 
to optimize the critical parameters. 


The gate is a dc open circuit and draws no Current. 
Therefore, the gate bias circuit may generally be just a 


such as linear amplification, 


wae 


simple resistive divider network. Some applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF162 maybe controlled from its 
rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to thos 
with bipolar UHF transistors are suitable for ihe Mr 
See Motorola Application Note AN-721, Impedance Match: 
ing Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps. ease the task of 


‘broadband network design. Both small signal scatter- 


ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 


solution for high power operation, they. do yield a good 


first approximation. This S an additional advantage of 
TMOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF162, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
NMRE169 s- naramatoranr : 


Paramerers Kv! iGi 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN-215A fora eee ion 
of two port network theory and stability. 
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FIGURE 20 — 400 MHz TEST CIRCUIT 
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MOTOROLA | 
mea ht tet ll aera : a ae 
CHNICAL DATA — | ~ MRF163 


~The RF Line er eae ee 

, —— 25W 2.0-400 MHz 
N-CHANNEL ENHANCEMENT-MODE 

TMOS RF POWER FIELD-EFFECT TRANSISTOR 


_.. designed for wideband large-signal. output and driver applica- 
tions in the 2.0 to 400 MHz range. : 
@ Guaranteed 28 Volt, 400 MHz Performance 
Output Power = 25 Watts 
Minimum Gain = 10.dB 
Efficiency = 50% (Typical) 
@ Small-Signal and Large-Signal Characterization 
® 100% Tested for Load Mismatch At All Phase Angles 
With 30:1 VSWR 


@ Low Noise Figure — 2.5 dB (Typ) at 500 mA, 400 MHz . 


N-CHANNELTMOS | 
BROADBAND RF POWER 


® Excellent Thermal Stability, |\deally Suited For Class A Operation 


@ Facilitates Manual Gain Control, ALC and Modulation Techniques 


MAXIMUM RATINGS 


Rating Value Unit 
Drain-Source Voltage 65 . Vdc . 32 NC 
Drain-Gate Voltage 65 - Vde a 
(Res = 1.0 MQ) . | B 
Gate-Source Voltage | +40 Vde STYLE 3: 

Drain Current — Continuous 5.0 Adc PIN 1.SOURCE 
Total Device Dissipation @Tc = 25°C 87.5 Watts : Sane 
Derate above 25°C 0.500 — W/°C 4. DRAIN 
Storage Temperature Range -65 to +150 2G 
Operating Junction Temperature 200 | °C 


THERMAL CHARACTERISTICS _ 


Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case — — Resc 2.0 °C/W 


Handling and Packaging. — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions:in handling and packaging MOS devices should be observed. 


CASE 244-04 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


. _ » Characteristic Symbol Min Typ LE Max [ Unit | 
OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS 65 — — Vdc 
(VGs = 0, Ip = 10 mA) 
Zero Gate Voltage Drain Current lpss — — 4.0 mAac | 
| (Vps = 28 V, Vgs = 0) | 
Gaie-Source Leakage Current loss — — 1.0 | Adc 
i NGs = 40 V, Vos =O) a 
ON CHARACTERISTICS , | 
Gate Threshold Voltage VGSi(th) - 1.0 — 3.0 6.0 Vdc 
(Vps = 10 V, Ip = 25 mA) 
Forward Transconductance Ifs 500 750 — | mmhos 


(Vps = 10 V, Ip = 500 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vgs = O, f = 1.0 MHz) 


Output Capacitance Cc 
(Vps = 28 V, VGs = O, f = 1.0 MHz) 


Ciss 


Reverse Transfer Capacitance . Cres 
(Vps = 28 V, Ves = O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure NF — bed 2.5 
(Vps = 28 Vdc, Ip = 500 mA, f = 400 MHz, 


25 = 3.23 + j2.57 0, Zp = 2.11 + j2.97 1) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 25 W, f = 400 MHz, Ipg = 25 mA)» 


Gps 10 12 


Drain Efficiency : 45 50 
(Vpp = 28 Vdc, Pout = 25 W, f = 400 Mhz, Ipg = 25 mA) 


Electrical Ruggedness : | No Degradation in Output Power 
(Vpp = 28 Vdc, Poyt = 25 W, f = 400 MHz, 


VIQLAID OA. Ali Dinaen Ancinni 
VOVVA GULi ai Ail PAaGSE ANnGies) 


FIGURE 1 — 400 MHz TEST CIRCUIT 
R3 RFC2 


Output 
Rn 2 
Input C7 
C1, C2, C3 — 1-20 pF Johanson or Equivalent R2 — 10 Turns 10 kQ 
C4, C8 — 270 pF, 100 Mil Chip Cap R3 — 1.6 kQ, 1/4 W | 
C5, C6 —— 18 pF Mini-Unleco or Equivalent — * RFC1 — 10 Turns, 0.300": ID #20 AWG 
C7 — 12 pF Mini-Unleco or Equivalent : ; _ Enamel Closewound . 
C9 — 0.01 pF, 50 V Disc Ceramic RFC2 — Ferroxcube VK-200 — 19/4B 
C10, C11, C13 — 0.1 uF, 50 V Disc Ceramic Z1 — 1.350" x 0.250" Microstrip 
C12, C15 — 680 pF Feedthru © Z2 — 0.600" x.0.250”" Microstrip 
C14 — 20 uF, 50V . Z3 — 0.710” x 0.250” Microstrip 
D1 — 1N5925A Motorola Zener Z4 — 1.300" x 0.250” Microstrip 
Ri — 10 kQ, 1/4 W Board — Glass Teflon, 62 Mils, €- = 2.56 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER ‘eS SUPPLY VOLTAGE 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE | 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
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FIGURE 10 — GATE-SOURCE VOLTAGE versus : FIGURE 11 — CAPACITANCE versus 
~ CASE TEMPERATURE . DRAIN-SOURCE VOLTAGE 
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FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 13 — INPUT AND OUTPUT IMPEDANCE ~ 
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FIGURE 14 — COMMON SOURCE SCATTERING PARAMETERS 
50 OHM SYSTEM . 
Vos =28V,Ip=0.5A 


| T \S24| : |S42! : |S$22! id 

| 2.0 0.985 -30 | 56.97 166 0.010 +63.9 -36 | 
50 0.833 -162 8.201: 16 | 0800 | -165 | 
rss. | oases 187 | i oo } -168 | 


. -2.5 U.802 -168 
-170 | 4121 
‘171 3.255 


-172 .| 2.718 


0.844 2.326 
225 | 0851 1.782 


325 0.872 . “52.3 
375 0.879. | -173 1.030 | 46.7 | eine | ee7e -170 
400 0.882 =| -173 “| 0.966 | 44.1 | 0.030 -146 | 0883 | -170 
425 0.888 173 | 0904 | 413— 0.888 470 
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FIGURE 15 — S44, INPUT REFLECTION COEFFICIENT 
versus FREQUENCY | By ar a 


Vps = 28 V, Ip=0.5A 


FIGURE 17 — S71, FORWARD TRANSMISSION COEFFICIENT FIGURE 18 — S99, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
Vos = 28 V, Ip=0.5A 
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DESIGN CONSIDERATIONS 

The MRF163 is a TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especial- 
ly for UHF power amplifier applications. Motorola TMOS 
FETs feature a vertical structure with a planar design, 


thus avoiding the processing difficulties associated wiih 
V-groove vertical power FETs 
a * ” t ‘ 


’ A a* Aas 


Viviurvia Appiicaiion Noie AN-217A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 


The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS . 

The MRF163 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (Ipq) is not critical for many applications. The 
MRF163 was characterized at IpQ = 25 mA, which is the 
suggested minimum value of Ipq. For special applications 
such as linear amplification, lpQ may have to be selected 
to ontimize the critical narameters. 

The gate is a dc'open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF163 may be controlled fram its 
rated value down to zero (negative gain) by varying the dc 
aate voltage. This feature facilitates the design of manua! 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 
Impedance matching networks similar to those used 


See Motorola Application Note AN-721, Impedance Maicn- 
ing Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small signal scatter- 
ing parameters and large signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 
TMOS power FETs. . 

~ RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF163, yields a device capable of self oscillation. 
Stability may be achieved by techniques such as drain 
loading, input shunt resistive loading, or output to input 
feedback. Two port parameter stability analysis with the 
MRF163 s-parameters provides a useful tool for selection 


i i i + : tatiana secz oe att 
of loading or feedback circuitry to assure stable operation. 


~ See Motorola Application Note AN-215A for a discussion 


of two port network theory and stability. 


FIGURE 19 — 400 MHz TEST CIRCUIT 
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MOTOROLA 7 
= SEMICONDUCTOR EE 
TECHNICAL DATA 


MRF171 


| = Phe RF TMOSLine—__—sS ‘TheRF TMOSLine 


| N-CHANNEL ENHANCEMENT-MODE | 
TMOS RF POWER FIELD-EFFECT TRANSISTOR 


. designed primarily for- wideband large-signal output and driver 
stages in the 2.0-200 MHz frequency range. 
@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = = 45 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% (Min) 


@ Facilitates Manual Gain Control, ALC and Modulation Techniques 


® 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


-~ ® Excellent Thermal Stability, Ideally Suited for Class A Operation 
@ Low Noise Figure — 1.5 dB Typ at 1.0 A, 150 MHz 


45 W 2.0-200 MHz 


N-CHANNELTMOS _. 
BROADBAND RF POWER 


FET 


STYLE 2: 
PIN 1, SOURCE 


| 2. GATE 
MAXIMUM RATINGS __. _ 3. SOURCE 


ee ee 
Gate-Source Voltage Peete Ee N 
\Fi ran 
Total Device Dissipation @ Tc = 25°C SEATING PLANE 
Derate above 25°C 


re fais {267 [008s | 0.106 | 
| F | 0.10 | 0.15 | 0.004 | 0.006 _| 
6 [18.29 | 18.54 | 0.720 | 0.730 | 
TH | 20.07 | 20.57 | 0.790 | 0.810 _ 
K [10.03 | 10.29 [0.395 | 0.405 _ 
Pt | 6.22 | 6.48 | 0.245 | 0.255 | 
{Mm [40°] 50° | 40° | 50°_| 
CNT 3.81 4.57 | 0.150 | 0.180_| 
Ca [287 [3.30 | 0.113 | 0.130 | 


CASE 211-07 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic 
charge. Reasonable precautions in handling and packaging MOS devices should be 
observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


~. Characteristic 


‘Ofs 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = 0, ip = 10 mA) 


© 


‘ 5 


— oo be ee, Men on toon eut 
Eee Uieyetceregeh be ceases f Spier ee rat 
AW VU Rich Neubbiee 


= 28 V, VGs= 0) 


¢ 
Ci) 


Se 
Oo 
Y) 


ource Leakage Curreni 
a’ ee oe 


Vevps-yv) 
ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vpsg=10V,Ip=25 mA) ° 


Forward Transconductance 
(Vps = 10 V, Ip = 1.0 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance . 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Output Capacitance 
' (Vps = 28 V, Vgg = 0, f= 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure — 
(Vps = 28 Vdc, Ip = 1.0 A, f= 150 MHz) 


Common Source Power Gain (Figure 1) 
(Vpp = 28 Vdc, Poyt = 45 W, f = 150 MHz, Ipq = 25 mA) 


Drain Efficiency (Figure 1) 


(Vpp = 28 Vdc, Pout = 45 W, f= 150 MHz, Inq = 25 mA) 


Electrical Ruggedness (Figure 1) 
(Vpp = 28 Vdc, Poyt = 45 W, f = 150 MHz, Ipg = 25 mA, 
VSWR 30:1 at all Phase Angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT 


D1 
g Vpp= 28 V 
Bias 
Adjust ‘C17 
R1 
C10. 
RF 
= C18 ‘Output 
RF C2 co 
Input C3 
SC1 tT ca 


C1, C6, C7 — 1.0-20 pF Johanson | L3 — 1-1/4 Turns, #18 AWG, 0.21” ID 
C2, C4, C5, C8 — 63 pF ATC Chip (100 mils) L4 — 2 Turns, #18 AWG, 0.23” ID, 0.15” Long - 


_ C3, C10, C18 —- 680 pF ATC Chip (100 mils) _ RFC1 — 20 Turns, #20 AWG Enameled, 0.3” ID, 
C9 — 12 pF ATC Chip (100 mils) Close Wound . a 
C11, C13,.C14, C17 — 0.1 uF Erie Redcap, 50 V _..- RFC2 — 15 Turns, #20 AWG Enameled on 2.0 W, 
C12—25yuF,50V © . 10 © Resistor , : 
C15, C16 — 680 pF Feedthru R1 — 10 kQ, 10 Turns Helipot 7216-R10K-L.25 
D1 — 1N5925A Motorola Zener | . R2 — 10 kO, 1/4 W 
L1 — 2 Turns, #18 AWG, 0.3"ID,0.3”Long — R3—1.8k0, 1/2 W 
L2 — 1-1/4 Turns, #18 AWG, 0.21” ID | R4 — 470, 1/2 W 
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our 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
200 MHz 


FIGURE 7 — POWER GAIN versus FREQUENCY 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 


FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 
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FIGURE 11 — CAPACITANCE versus - 


~ FIGURE 10 — GATE-SOURCE VOLTAGE versus 
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CASE TEMPERATURE 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 12 — DC SAFE OPERATING AREA 
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FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
Vps= 28 V,Ip=0.5A _ ° 
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FIGURE 14 — $471. INPUT REFLECTION COEFFICIENT FIGURE 15 — S12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY . versus FREQUENCY 
Vos=28V Ip=0.5A Vps=28V Ip=0.5A 


FIGURE 16 — S21, FORWARD TRANSMISSION COEFFICIENT FIGURE 17 — S99, OUTPUT REFLECTION COEFFICIENT 
versus FREQUENCY versus FREQUENCY . 
. Vps=28V. Ip=0.5A : Vps=28V Ip=0.5A 
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DESIGN CONSIDERATIONS 


The MRF171 isa TMOS RF power N-Channel enhance- 
ment mode field-effect transistor (FET) designed especi- 
ally for VHF power amplifier and oscillator applications. 
Motorola TMOS FETs feature a vertical structure with a 
planar design, thus avoiding the processing difficulties 
associated with ‘’V-groove” vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high-gain, low noise, simple bias systems, relative immu- 
nity from thermal runaway, and the ability to withstand 


severely mismatched loads without suffering damage. 


Power output can be varied over a wide range with a low 


power dc control signal, thus facilitating manual gain 


control, ALC and modulation. 


DC BIAS 


The MRF171 isan enhancement mode FET and, there-. 


fore, does not conduct when drain voltage is applied. 


Drain current flows when a positive voltage is applied.to- 


the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 


for optimum performance. The value of quiescent drain: 


current (IpQ) is not critical for many applications. The 
MRF171 was characterized at IpQ= 25 mA, which is the 
suggested minimum value of lpq. For special applications 


such as linear amplification, IpQ may have to be selected 


to optimize the critical parameters. 
The gate is a dc open Circuit and draws + no current: 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some special applica-: 


tions may require a more elaborate bias system. 


GAIN CONTROL 


Power output of the MRF171 may be.controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitiates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF171. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 


input impedance of TMOS FETs helps ease the task of 


broadband network design. Both small-signal scattering 


parameters and large-signal impedances are provided. 


While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 


_ TMOS power FETs. 


RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF171, yields a device capable of self oscillation. 


“Stability may be achieved by techniques such as drain 


loading, input shunt resistive loading, or output to input 
feedback. The MRF171 was characterized with a 47-ohm 
input shunt loading resistor. Two port parameter stability 
analysis with the MRF 171 s-parameters provides a useful 
tool for selection of loading or feedback circuitry to assure 
stable operation. See Motorola Application Note AN-215A 
for a discussion of two-port network theory and stability. 
Input resistive loading is not feasible in low noise appli- 
cations. The MRF171 noise figure data was generated ina 
circuit with drain loading and a low loss input network. 


FIGURE 18 — 150 MHz TEST CIRCUIT 
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FIGURE 19 — LARGE-SIGNAL SERIES EQUIVALENT 
a INPUT/OUTPUT IMPEDANCE 
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MOTOROLA 
TECHNICAL DATA | | | MRF172 


The RF TMOS Line 


80W 2.0-200 MHz 


_ N-CHANNEL ENHANCEMENT-MODE — . | — N- CHANNEL TMOS 
TMOS RF POWER FIELD-EFFECT TRANSISTOR BROADBAND RF POWER 


.. designed primarily for wideband large- signal output and driver | | FET 
Sruges in the 2.0-200 MHz frequency range. ne 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


~ Output Power = 80 Watts — 
Minimum Gain = 10 dB 
Efficiency = 50% (Min) 


® Excellent Thermal Stability, Ideally Suited for Class A Operation. 
® Facilitates Manual Gain Control, ALC and Modulation Techniques . 


@ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR - 


@ Low Noise Figure— 1.5 dB Typ at 2.0 A, 150 MHz 


MAXIMUM RATINGS 


F Brain Source Votage «| Méss | 8 
Drain — Gate Voltage Bake Vde 
(Ros = 1.0 MQ) 


Total Device Dissipation @ T¢ = 25°C 
Derate above 25°C _ 


SEATING PLANE 


STYLE 2: 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C mises otherwise noted) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
es = 0, Ip = 50 mA) 


era tsate Voitage rain c -Urrent 


| _Vos* 28 V, Eee 0) 


(VGs= - 20 V, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage 


tag VGSith) 
(Vps = 10 V, Ip = 50 mA) 


V(BR)DSS 
Ipss 
Igss 


Forward Transconductance 
- (Vps=10V, Ip= 2.0 A) 
DYNAMIC CHARACTERISTICS 


Input Capacitance - 

(Vps= 28 V, Vgs = 0, f = 1.0 MHz) 
Output Capacitance 

(Vps = 28 V, Vgs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 28 V, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Common Source Power Gain 
WDD = 28 Vdc, Poyt = 80 W, f = 150 MHz, a= 50 mA) 


wi rain Efficiency 


(Vpp = 28 Vdc, Pout = 80 W, f= 150 Mhz, Ipg = 50 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Pout = 80 W, f = 150 MHz, ipo= 50 mA, 
VSWR 30:1 at all Phase Angles) 


R2 C12 
Bias R3 
Adjust C11 
= RFC1 
= R4 
. C3 
RF Input 
C1 L1 L2 
ri C2 dees | 
DUT 
= C47 


- C1 — 25 pF Unleco 
- €2, C5, C7 — Arco 462, 5-80 pF 

~ C3 — 100 pF Unleco 
C4 — 40 pF Unleco — 
C6 — 60 pF Unleco 
C8 — Arco 463, 9-180 pF : 
cg, C11, C14 — 0.1 uF Erie Redcap 
C10 — 50 uF, 50 V 
C12, C13 — 680 pF Feedthru 
D1 — 1N5925A Motorola Zener 


-C13 


C14 


RF Output © 


i 


C7 


L1— #16 AWG, 1-1/4 Turns, 0.213” ID 


L2— #16 AWG, Hairpin f/L $0.25" 

L3 — #14 AWG, Hie SU 4 O47" 
>| ee 0.2” 

, U4 — 10Turns #16 AWG Enameled Wire on R1 

" RFCI — 18 Turns #16 AWG Enameled Wire, 0.3” ID 

Ri — “10 0, 2.0 W 

R2 — -1.81k0, 1/2W 

R3 — 10 kQ, 10 Turn Bourns 


R4— 10k, 1/4 W 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus ee ROWER 
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FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
. Vps = 28 V, Ip=2.0A : 
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FIGURE 14 — $44, INPUT REFLECTION COEFFICIENT FIGURE 15 — S42, REVERSE TRANSMISSION COEFFICIENT 
_ versus FREQUENCY | | oo versus FREQUENCY 
Vos=28V  in=2.0A ; Vps=28V Ip=2.0A 


FIGURE 16 — $21. FORWARD TRANSMISSION COEFFICIENT FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT 
. versus FREQUENCY . versus FREQUENCY 
— Vps=28V Ip=2.0A. | | — Vps=28V_— Ip=2.0A 
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DESIGN CONSIDERATIONS. 

The MRF172 isa TMOS RF power N-channel enhance- 
ment mode field-effect transistor (FET) designed for VHF 
power amplifier applications. Motorola TMOS FETs fea- 
ture a vertical structure with a planar design, thus avoid- 


ing the processing difficulties associated with V- “groove 


MOS power FETs. — 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 


suggested minimum value of Ipq. For special applications 
such as linear amplification, |pQ may have to be selected 
to optimize the critical parameters. | 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some special applica- 


The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immun- . 


ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 


power dc control signal, thus facilitating manual gain 


control, ALC and modulation. 
DC BIAS - 

The MRF172 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to 
the gate. See Figure 9 for a typical plot of drain current 
versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 


current (IpqQ) is not critical for many applications. The. 


MRF172 was characterized at |1pQq = 50 mA, which is the 


tions may require a more elaborate bias system. 
GAIN CONTROL 

Power output of the MRF172 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 
AMPLIFIER DESIGN 

Impedance matching networks similar to those used 
with bipolar VHF transistors are suitable for MRF172. See 
Motorola Application Note AN-721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher 
input impedance of TMOS FETs helps ease the task of 
broadband network design. Both small-signal ‘scatter- 
ing parameters and large-signal impedances are provided. 
While the s-parameters will not produce an exact design 
solution for high power operation, they do yield a good 
first approximation..This is an additional advantage of 
TMOS power FETs. 


FIGURE 18 — 150 MHz TEST CIRCUIT | 
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FIGURE 19 — SERIES EQUIVALENTINPUTIMPEDANCE, Zin 
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MOTOROLA 
# SEMICONDUCTOR saan 
CHNICAL DATA | MRFA74 


125 W 2.0-200 MHz 


| | N-CHANNELTMOS 
N-CHANNEL ENHANCEMENT-MODE 7 BROADBAND RF POWER 


TMOS RF POWER FIELD-EFFECT TRANSISTOR 


oe, designed primarily for wideband large-signal output and driver FET 
stages in the 2.0-200 MHz frequency range. . 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 125 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% (Min) 


@ Excellent Thermal Stability, Ideally Suited for Class A Operation 
® Facilitates Manual Gain Control, ALC and Modulation Techniques 


® 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR 


@ Low Noise Figure — 3.0 dB Typ at 2.0 A, 150 MHz 


MAXIMUM RATINGS 


Drain — Gate Voltage SEATING PLANE 


(Rs = 1.0 MO) | | . STYLE 2: 


Gate — Source Voltage PIN 1. SOURCE 
2. GATE 

Drain Current — Continuous - 3, SOURCE 
4. DRAIN 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperatu re Range 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. 
Reasonable precautions in handling and packaging MOS devices should be observed. a : Set 0130 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
eo 
OFF CHARACTERISTICS 


| Drain-Source Breakdown Voltage V(BR)DSS 65 —_— — Vde 
(VGs =O, De = 50 mA) - 

i 3 | 

| | 

| 


~ a ~ . ~ . | 


Setedoures Leakage Current 
(Ves = 20 V, Vpg = 0) 


ON CHARACTERISTICS 


| Gate Threshold Voltage 
Nin = 1oV, f- —- 11 


H (Ybis 7 We, iL) = 100 mA} 


Forward Transconductance 
(Vps= 10 V, Ip = 3.0 A) 


DYNAMIC CHARACTERISTICS | 


Output Capacitance 


(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Vgs= O, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure 
(Vpp = 28 Vdc, Ip = 2.0 A, f = 150 MHz) 


Common Source Power Gain 
(Vpn = 28 Vde, Pou = 125 W, f = 150 MHz, Inq = 100 mA) 


Drain Efficiency . 
(Vpp = 28 Vdc, Poyt = 125 W, f = 150 MHz, Ipg = 100 mA) 


Electrical Ruggedness 
(Vpp = 28 Vde, Pout = 125 W, f = 150 MHz, lpg = 100 mA, 


VSWR 30:1 at all Phase Angles) 


L4 | 
Vpn = 28 V 
R2 C12 ais C13 DD 
; — ; — + 
Bias R3 R1 C14 
Adjust C11 i> - 
1 RFC1. = - 
~ R4 . a 
3 — Po C8 | 
RF Input > ) - >— RF Output 
ee eI L1 | P 
L C2 C7 1 
= C4 = 
C1 — 35 pF Unleco . L1 — #16 AWG, 1-1/4 Turns, 0.213” ID 
C2, C5 — Arco 462, 5-80 pF _  L2— #16 AWG, Hairpin _/. # 0.25” | 
C3 — 100 pF Unleco | 0.062” a “Eh 9.47” 
C4 — 25 pF Unleco L3 — #14 AWG, Hairpin —____— t 
C6 — 40 pF Unleco. “i ke 0.2 


L4— 10 Turns #16 AWG Enameled Wire on R1 
-_RFC1 — 18 Turns #16 AWG Enameled Wire, 0.3” ID 
R1i—100,2.0W 

R2 — 1.8k0,1/2 W 

R3 — 10 kQ, 10 Turn Bourns 

R4 — 10 k0, 1/4 W 


C7 — Arco 461, 2.7-30 pF 

C8 — Arco 463, 9-180 pF 

C9, C11, C14 — 0.1 wF Erie Redcap 
C10 — 50 uF, 50 V 

C12, C13 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 = OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 9 — DRAIN CURRENT versus GATE VOLTAGE 
(TRANSFER CHARACTERISTICS) 
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FIGURE 8 — OUTPUT POWER versus GATE VOLTAGE 
Ina 


MRF174 


i 


(Sil sais YIMOd LNdino My 


Vgs. GATE-SOURCE VOLTAGE (VOLTS) 
DRAIN VOLTAGE 
Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 11 — CAPACITANCE versus 


6.0 


=3.0V 
4.0 


2.0 


EE 


FIGURE 12 — DC SAFE OPERATING AREA | 
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FIGURE 10 — GATE-SOURCE VOLTAGE versus 
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FIGURE 13 — COMMON SOURCE SCATTERING PARAMETERS 
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FIGURE 15 — $12. REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY 


FIGURE 14 — $47, INPUT REFLECTION COEFFICIENT 
ersus FREQUENCY 
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DESIGN CONSIDERATIONS 


The MRF174 is aTMOS RF power N-channel enhance- 
ment mode field-effect transistor (FET) designed for VHF 
power amplifier applications. Motorola TMOS FETs fea- 
ture a vertical structure with a planar design, thus avoid- 
ing the processing difficulties associated with V-groove 
MOS power FETs. 

‘Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with 
the construction and characteristics of FETs. 

The major advantages of TMOS RF power FETs include 
high gain, low noise, simple bias systems, relative immun- 
ity from thermal runaway, and the ability to withstand 
severely mismatched loads without suffering damage. 
Power output can be varied over a wide range with a low 
power dc control signal, thus facilitating manual gain 
control, ALC and modulation. 


DC BIAS 
The MRF174 is an enhancement mode FET atid: there- 
fore, does not conduct when drain voltage is applied. 


Drain current flows when a positive voltage is applied to." - 
the gate. See Figure 9 for a typical plot of drain current: 


versus gate voltage. RF power FETs require forward bias 
for optimum performance. The value of quiescent drain 
current (IpQ) is not critical for many applications. The 
MRF 174 was characterized at !|pQ= 100 mA, which is the 


suggested minimum value of Ipq. For special applications 
such as linear amplification, lpQ may have to be selected 
to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 


Therefore, the gate bias circuit may generally be just a 


simple resistive divider network. Some special applica- 
tions may require a more elaborate bias System: 
GAIN CONTROL . 

Power output of the MRF174 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. Thisfeature facilitates the design of manual 
gain control, AGC/ALC, and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN : 
Impedance matching networks similar to those used 


“with bipolar VHF transistors are suitable for MRF1 74. See 


Motorola Application Note AN-721, Impedance Matching 


“Networks Applied to RF Power Transistors. The higher 


input impedance of TMOS FETs helps ease the task of 


_ broadband network design. Both small-signal scatter- 


ing parameters and large-signal impedances are provided. 


‘While the s-parameters will not produce an exact design 


solution for high power operation, they do yield a good 
first approximation. This is an additional advantage of 


_. TMOS power FETs. 


FIGURE 18 — 150 MHz TEST CIRCUIT. 
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FIGURE 19 — SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE, Z,.., Zo.” 
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MOTOROLA 
TECHNICAL DATA 


MRF226 


The RF Line | 
: 7 — 13 W — 225 MHz 


RF POWER 
‘TRANSISTOR 
NPN SILICON 


_. NPN SILICON RF POWER TRANSISTOR 


eg designed for 12.5 Volt large-signal power amplifier applica- 
tions in communication equipment operating at 225 MHz. 
® Specified 12.5 Volt, 225 MHz Characteristics — 
Output Power = 13 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% G8 
@ Characterized. With Series Equivalent Large-Signal Impedance. _~ 
Parameters 


@ Designed to Withstand Load Mismatch at all Phase Angles with 
20:1 VSWR ~ ERS aie = 


MAXIMUM RATINGS |... - 


Total Device Dissipation @ Tc = 25°c (1) 
Derate above 25°C 


- Storage Temperature Range ~ Tstg “~65 to +150 
| stud Torque (2) ae eee 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 
(2) For repeated assembly, use 5 In. Lb. 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 


cio SEES cia 


C1,2,8,9 18 pF Chip Cap 50 V 0.15 UH Molded Choke 

c3 15 pF UNELCO 0.15 x 3.15 inch Microstrip 

c4,5 80 pF UNELCO 0.15 x 0.55 inch Microstrip 
25 pF UNELCO 0.15 x 1.4 inch Microstrip - 
7.0 pF UNELCO 0.15 x 2.35 inch Microstrip 


Pat oT a 


12 686 pF Feeditru ALLEN BRADLEY 0.15 x 0.5 inch Microstrip 
1.0 uF, 35 V Tantalum Board is G10 3x 5 x 0.062 inch 
RFC 1,3 Ferroxcube VK200 Ca =5 


sad bead ba 
o nN 
foo] ©; 
w wo 
aoe 
— il 
~~ oO 
ojm~ 


0.098 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


MRF226 


Pout, OUTPUT POWER (WATTS) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) _ 


OFF CHARACTERISTICS 


gy 


Collector Emitter Breakdown Voitage ViBR}CEO 12 i _ Vode 


(Ic = 15 mAdc, |p = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 36 Vde 
(ic = 5.0 mAdc, ig = 0) ; 


Emitter-Base Breakdown Voltage . V(BR)EBO 4.0 Vde | 
(Ig = 2.5 mAdc, Ic = 0) | 
_ 0.25 


Collector Cutoff Current ICBO mAdc 


i (Vas = 15 VV H = 5) 
i (Vcp= 15 Vde, ig = 9) | 


ON CHARACTERISTICS ~ 


| DC Current Gain . NEE 5.0 
(lc = 250 mAdc, Veg = 5.0 Vdc) 2 a ae ; | 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 13 W, Voc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 13 W, Voc = 12.5 Vde, f = 225 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — SERIES EQUIVALENT IMPEDANCE 
22.5 


<? 
SS ems 
S SSS STOLLER 
<> e ry [ 2 
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. *ZOL = Conjugate of the optimum load impedance into which the device output 
seta operates at a given output power, voltage and frequency. 


“0 0.5 1.0 15. 2.0 25. 30 35 40 
P.,, INPUT POWER (WATTS} 


MOTOROLA RF DEVICE DATA 
3-328 


MOTOROLA 
m SEMICONDUCO:R ey 
TECHNICAL DATA ~ oe car 


MRF227 


The RF Line 


3. W — 225 MHz 
an" | RF POWER 
NPN SILICON RF POWER TRANSISTOR TEGh eee 

| . NPN SILICON — 
2 “designed for 12.5 Volt large-signal power amplifier applications 


in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 


Specified 12.5 Volt, 225 MHz Characteristics — 
Output Power = 3.0 Watts 
Minimum Gain = 13.5 dB 
Efficiency = 60% . 
Characterized With Series Equivalent Large-Signal Impedance 
Parameters . 
Grounded Emitter TO-39 Package for High Gain and Excellent 
Heat Dissipation 


Replaces Medium Power Stud Mount Devices 


L 
= t 
—ml lee D 
STYLE 5: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


MAXIMUM RATINGS —_ 
eT 
Collector-Emitter Voltage Vdc 


Collector-Base Voltage VcBo Vde 


Total Power Dissipation @ Tc = 25°C 8.0. Watts 
Derate above 25°C 46 mw /°C 


Storage Temperature Range ; | -65 to +200 


Low MN HC 


| A | 902 | 930 | 0.355 | 0.366 _| 

| ¢ | 419 | 457 | 0165 | 0180 | 
D 053 

| € | 043 | 089 | 0017 | 0.035 | 


| M_| 
N 2.54 TYP 0.100 TYP 
| a | 90°NOM 90° NOM 


NOTE: The pin configuration on this version 
of the TO-39 package differs from the 
common isolated emitter type. 

All JEDEC dimensions and notes apply. 


CASE 79-03 


MOTOROLA RF DEVICE DATA 


3-329 


MRF227 


ELECTRICAL CHARACTERISTICS ( alors 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage 
| (c= 50 mAdc, te 0) 


& mene 


| Emitter-Base Breakdown Voltage VIBR)EBO | 4.0 _ | Vde 
(Ile = 1.0mAdc, iG =) 


Collector Cutoff Current . | ICES | | 10 mAdc_ | 
(VcE = 15 Vdc, Vge = 0, To = 55°C) . 

Collector Cutoff Current ICBO = BP | 1.0 mAdc 

iVcop= 15 Vde, jc = 0) a ee : 

ON CHARACTERISTICS 


| DC Current Gain 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Voc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Veg = 12.5 Vde, f = 225 MHz) 


FIGURE 1 — 225 MHz TEST CIRCUIT 


C71,C2,C3,C4 ARCO 420 


c5 1000 pF, UNELCO 

C6 0.047 pF, ERIE 

C7 1.0 pF, TANTALUM 

L1 #18 AWG, 1”’ Wire Length 


L2 VK200-4 Ferroxcube 
L3 1 Turn, #18 AWG,.1/4"" 1D x 

2" Wire Length 
L4 0.15 wH DELEVAN Molded Choke 
Board — Glass Teflon, Eg = 2.56, t = 0.062” 
Input/Output Connectors — Type N 


MOTOROLA RF DEVICE DATA 
3-330 


MRF227 


FIGURE 2 — INPUT POWER versus OUTPUT POWER — 12.5 V 


9.0 


a 40 

— 

= 

a 3.0 Vec = 12.5 Volts 
5 LY | || te 225 Mee 

= (Tuned @ 3 W out) 
: Pe ee ee 

Be ea aeseal | ol are eee 
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Abe see eke eeee 
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0.02 03° 
Pin, INPUT POWER (WATTS) 


FIGURE 3 — INPUT. POWER versus OUTPUT POWER — 13. 6V FIGURE 4 — INPUT POWER versus OUTPUT POWER — 7.5V 


5.0 5.0) 


Ner = 7.5 Volts 


Sel es lee ea ee f= 225 MHz 
2 40 re 4.0 (Tuned @ 1.5 W out) 
= - 
“ene ene eee oe ES 
= A = | 
ae eae : 
COVE CCECe ee) 8S 
a. (Tuned @ 3 W out) = 
ere 7 
a a 
eT a 
S es : 
oe) el ea S 
i a ie ° 
eee a 
0.01 0.1 0.3 0. 02 0.1 0.2 0.3 
Pin, INPUT POWER (WATTS) . | Pin, INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE | 


es ee ie ae 
P| t= 226 mite ee | 
iz (Tuned @ eae ea 


5.0 


Pout, OUTPUT POWER (WATTS) 
: FEE 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


2.294 


MRF227 


aN 
OK NaN 
8 


Vec = 12.5 Volts 
Pout = 3.0 Watts 
Gpe = 15 dB Gain 

j _ fe Sh LR 


-Zg.* = 1350, —j16.3 0 
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~ MOTOROLA RF DEVICE DATA 
3-332 


MOTOROLA 
= SEMICONDUCOOR | - | 
TECHNICAL DATA a MRF229 7 


1.5 W —90 MHz 


The RF Line _ 
RF POWER 


NPN SILICON RF POWER TRANSISTORS tp TRANSISTOR 


Loa designed for 12.5 Volt, mid-band large-signal amplifier appli- | a ; _ NPN SILICON 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


@ Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 1.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% . 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR | 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters | 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MRF229 — Emitter Connected to Case 


STYLE 5: 
PIN 1, COLLECTOR 
2. BASE 
3. EMITTER 


MAXIMUM RATINGS 


Symbol 
Thermal Resistance, Junction to Case SO RAJC 


ol 
2 Sis 
—Ic 


0.100 TYP 
90° NOM 90° NOM 


. . . . ee . _ NOTE: The pin configuration on this version 
(1) These devices are designed for RF operation. The total device dissipation rating applies of the TO-39 package differs from the 
only when the devices are operated as Class C RF Amplifiers. common isolated emitter type. . 


Ail JEDEC dimensions and notes apply. 
CASE 79-03 


MOTOROLA RF DEVICE DATA 


3-333 


MRF2Z2Z9 


ELECTRICAL SHA BECTERISHICs Ge 25°C unless otherwise noted) 


| Collector-Emitter Breakdown Voltage V(BR)CES 
(lq = 25 mAdc, VBE= 0) - net 
i Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 0.25 mAdc, Ic = 0) 
Collector Cutoff Current 
VcB = 15 Vdc, IE = 0) 


DYNAMIC CHA RACT i DYNAMIC CHARACTERISTICS 00 
fcusuicaacance °-  . .. - = i eee Capacitance 

(Vcp = 12.5 Vdc, Ie = O, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, Pout = 1.5 W, f = oO Mine 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz) 


Load Mismatch 


(Voc = 12.5 Vde, Pout = 1.5 W, No Degradation in 
f = 90 MHz, Tc <25°C) Output Power 


- FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


RFE 
Output 


20 HE, 15 Vde TANTALUM 


5.0-80 pF, ARCO 462 


a 


C2,C6 25-280 pF, ARCO 464 L1 2 Turns, #18 AWG, 3/8'1.D. 3/8” Long . 
C3  ..250 pF UNELCO L2 2.5 Turns, #20 AWG, on Ferrite Bead. 

C4 ..10 pF UNELCO FERROXCUBE 56-590-65-3B 

C5 —s-: 9.0-180 pF, ARCO 463 L3. 3 Turns, #18 AWG, 3/8" 1.D., 1/2" Long: 
C7 1000 pF UNELCO L4 0.68 wH, 9230-16 MILLER Molded Choke 
C8 0.47 uF ERIE Disc Ceramic LS —- Ferrite Bead, FERROXCUBE 56-590-65-3B 


R1 


4.7 OHM, 1/2 W, 10% Carbon | 


Input/Output Connectors — Type BNC 


MOTOROLA RF DEVICE DATA 
3-334 


MRF229 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


ial ea 


Pout, OUTPUT POWER (WATTS) 
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ELEN EL: 
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150° 200 | 
P;,, INPUT POWER (mW) . . ca. f, FREQUENCY (MHz) - 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 
SERIES EQUIVALENT INPUT IMPEDANCE | SERIES EQUIVALENT OUTPUT IMPEDANCE 
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*ZOL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
3.335 | 


MRF229 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
. versus FREQUENCY versus FREQUENCY 


500 


i 


Rin, PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS) 
Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) | i - f, FREQUENCY (MHz) 


_ FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY a versus FREQUENCY 


100 = ~ 1005 
MeO 2 ate . [ Vee = 12.5 Vde _ = | | | | 


Pout = 1.5W 


Rout, PARALLEL EQUIVALENT 

OUTPUT RESISTANCE (OHMS) 
Cout. PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


40 50 ~~ 60 70 80 80-100 aS . 
; f, FREQUENEN (He) nt mh, & . ; . f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
3-336 


MOTOROLA 
m= SEMICONDUCTOR =m 
TECHNICAL DATA 


‘MRF232_— 


7.5 W —90 MHz — 
RF POWER 

TRANSISTOR 

NPN SILICON RF POWER TRANSISTORS _ NPN SILICON 


The RE Line 


| ... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. = tet 


Specified 12.5 Volt, 90 MHz Characteristics — . 
Output Power = 7.5 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 55% | 
100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR ne . . 
Characterized with Series Equivalent Large-Signal Impedance 
Parameters 
Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 


Collector Current — Continuous 


Tota! Device Dissipation @ Tc = 25°C (1) PIN 1. EMITTER 


Derate above 25°C | aoe 


.| Storage Temperature Range 4. COLLECTOR 


THERMAL CHARACTERISTICS — 


[ haeatrinie 


Thermal Resistance, Junction to Case 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


(2) For repeated assembly use 5 In. Lb. 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


a Ans 


MRF232 


ELECTRICAL CHARACTERISTICS allots 25°C unless otherwise noted.) 


[hme Tsar [ie 


_ OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage V(BR)CEO | 
i (ie = 60 mAdc, ip = 0} ao 
i" Collector-Emitter Breakdown Voltage V(BR)JCES 36 Vde 
fin. — CA RAAR fie — sy i 
H VC oy mnac, V BE wy 


mitier-Base Breakdown Voltage - ViBRJEBO Vde 
ee 2.5 mAdc, Ic = 0) 

Collector Cutoff Current ICBO 1.0 mAdc 
(Vcp = 15 Vdc, IE = 0) 


N CHARACTERISTIC 


DC Current Gain 


(lc = 500 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance | 
(Vopg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vde, Poyt = 7.5 W, f = 90 MHz) 
Collector Efficiency . 

(Vcc = 12.5 Vdc, Poyt = 7.5 W, f = 90 MHz) 
Load Mismatch . 


(Vec = 12.5 Vdc, Pout = 7-5W, No Degradation in 
f = 90 MHz, Tc <25°C) Output Power 


RF 
Output 


'5.0-80 pF, ARCO 462 L1 3 Turns, #18 AWG, 3/8” 1.D., 3/8” Long 
9.0-180 pF, ARCO 463 L2 FERROXCUBE VK200-20-4B8 Ferrite Choke 
100 pF UNELCO L3 3 Turns, #18 AWG, 5/16" 1.D., 3/8” Long 
1000 pF UNELCO L4 10 Turns, #22 AWG, onR1 
4.7 wF, 15 Vde, TANTALUM R1 340 Ohm, 1 W Carbon 


Input/Output Connectors — Type BNC 


MOTOROLA RF DEVICE DATA 
3-338 


MRF232 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 
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Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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“Pout, OUTPUT POWER (WATTS) 
fom] 


TTT Te 


8.0 10 1 12 
Voc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 


Zo = 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE | 


Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 


nr AAN 


MRF232 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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40 50 60 70 80 90 100 
“f, FREQUENCY (MHz) 


FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 


Vee = 12.5 Vde 
Pout =7.5W 


Rout PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (GHMS) 


40 . 50 60 70 80 90 100 
f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 


1000 


| 
Vec = 12.5 Vde 
Pout = 7.5W 


Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 


40: 50 60 70 80—ti‘é ‘dO 100 
#, FREQUENCY (MHz) 


FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 


. 600 


Vcc = 12.5 Vde 


Cour, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


40 50 60 70 80 - 90 100 
f, FREQUENCY (MHz) 


3-340 


MOTOROLA 
= SEMICONDUCTOR xy 
TECHNICAL DATA 


MRF233- 


The RE Line | OT Asay 
RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- — 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


© Specified 12.5 Volt, 90 MHz Characteristics — 
-Output Power = 15 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% . 
100% Tested for-Load Mismatch at all Phase Angles with 
30:1 VSWR 


‘Characterized with Series Equivalent Large-Signal Impedance 
‘Parameters 


Characterized with Parallel Equivalent Lar ge-Signal Impedance 
_ Parameters | ? : : 


MAXIMUM RATINGS | 


Symbol 


6 
5 


Derate Above 25°C 


4, COLLECTOR 


| 40. | . STYLE 1: 
ell 
cece = 2. BASE 
Total Device Dissipation @ Tc = 25 Lie 3, EMITTER 
-65 to +150 


THERMAL CHARACTERISTICS | 
, Characteristic’ 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 
(2) For Repeated Assembly use 5 In. Lb. 


2.11 2.54 | 0.083 | 0. 
| Ut 249 | 335 | 0.098 | 0.132 


CASE 145A-09 


| | MOTOROLA RF DEVICE DATA | 


a” OA 


MRF233 


ELECTRICAL CHARACTERISTICS(T¢ = 25°C unless otherwise noted). 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ViBR)CEO 


(Ic = 100 mAde, Ig = 0) 


Coliector-Emitter Breakdown Voltage V(BR)CES 36 -— Vdc 
i alo 50 mAdc, VRE = 0) 


(Ie = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current . ICBO made 
(Vcop = 15 Vde, !¢ = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 1.0 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
“(Vee = 12.5 Vde, Pout = 15. W, f = 90 MHz) 
Collector Efficiency 
(Voc = 12.5 Vdc, Poyt = 15 W, f = 90 MHz) 
Load Mismatch | | 7 | 
(Voc = 12.5 Vde, Pout = 15 W, . ee No: Degradation in 
f = 90 MHz, Tc S 25°C) Output Power 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


Outputs 


C1,C3 9.0-180 pF, ARCO 463 L3 2:2 uH, 9230-200 MILLER Molded Choke 
C2,C4 25-280 pF ARCO 464 L4 ° 2 Turns, A418 AWG, 3/8" 1.D., 3/8" Long ~ 
C5 . 1000 pF UNELCO L5 10 Turns, #16 AWG, Wound On R2. 

C6. 0.01 uF ERIE Disc Ceramic , 

C7 1.0 pF, 35 Vde TANTALUM R1 15 Ohm, 1/2 W, 10% Carbon 

L1. .2 Turns, #18 AWG, 3/8" 1.D., 1/4’ Long R2 68 Ohm, 1 Watt, 10% Carbon 

L2 -0.22 fH, 9230-04 MILLER Molded Choke: Input/Output Connectors — Type BNC | 


MOTOROLA RF DEVICE DATA. 
3-342 


MRF233 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


0 0.5 10... «+5 De 2 2.5 
Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


8.0 9.0 10 (i ste AZ 13 «14 15 16 
Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE. 3 — OUTPUT POWER versus FREQUENCY 


Pout, OUTPUT POWER (WATTS) 


.. 60°." 70 80°—ti‘“‘C#*O 100 
f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


0-02 aro b 
ow 
no ANGLE, © a 


2 


Frequency | ZIN 
MHz | Ohms | Ohms ~ 
40 1.0-[2.30 |6.4-j 4.40 
60 1.30-j2.50 |6.0-j4.70 
80 1.50-j2.60 |5.65-)5.00 - 
100 |1.70-j2.70 }5.0-j5.60 \ 
JE 12. PoP Rt IMAL KAAEY NZ ON ZN ao 
*ZoL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 


3-343 


MRF233 


FIGURE 7 ~ PARALLEL EQUIVALENT INPUT CAPACITANCE 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
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FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY 


Pout = 15 W 


(SWH 9) SINVLISAY J.AdLNO 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


3-344 


MOTOROLA 
m= SEMICONDUCTOR 


TECHNICAL DATA aE 
— MRF234 


The REF Line > 7 | oS 
| 25 W — 90 MHz 


RF POWER 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS _ a NPN SILICON | 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in th 
40 to 100 MHz range. 


®@® Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 25 Watts 
Minimum Gain = 9.5 dB 
Efficiency = 55% | 

@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR. . 

® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

® Characterized with Parallel Equivalent Large-Signal |mpedance 
Parameters | 


SEATING PLANE 
WRENCH FLAT™ 


MAXIMUM RATINGS 


Vdc 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 


4. COLLECTOR 


Sym bol 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


(2) For repeated assembly use 5 In. Lb. 


3.35 | 0.098 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


3-345 


0.132 


MAFZS4 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Symbol | Min | typ [| Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vdc 
(lc = 200mAdc,Ip=0) . 
He 36 | — — Vde 


j Collector-Emitier Breakdown Voitage V(BR)CES - 


(I¢ = 200 mAdc, VgE = 0) 


| Emitter-Base Breakdown Voltage V(BRJEBO 4.0 “i Vdc - 
(le = 5.0 mAdc, tc = 9) 


Collector Cutoff Current 2 oe ICBO | 10 er 
(Veep = 15 Vdc, Ie = 0) 
ON CHARACTERISTICS 2 


DC Current Gain 
(ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Voc = 12.5 Vde, Pout = 25 W, f = 90 MHz) 
Collector Efficiency 

(Vec = 12.5 Vde, Poy = 25 W, f = 90 MHz) 


Load Mismatch 
(Voc = 12.5 Vde, Pout = 25 W, No Degradation in 
f = 90 MHz, TC <25°C | Output Power 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


: + 
+ 
J CSaN C6 “7T™ C7 7T 12.5 Vdc 


RE 
Output 
SH. “Raph ae Geo cr L3 22 wH, 9230-52 MILLER Molded Choke 
se ees” C2e 260 PERE o Ged La 2 Turns, #14 AWG, 3/8” [.D., 1/4” Long 
cs 1000 pF UNELCO L510 Turns, #18 AWG, 1/4” 1.D., wound on R2 
C6 0.047 WF, ERIE disc ceramic P ; : 
0, 
C7 10 uF, 15 Vde TANTALUM a 5 Ohms, 1/2 W, 10% 
L1 1 Turn, #16 AWG, 3/8” |.D., 1/8” Long R2 47 Ohm, 1 W Carbon 
L2 0.22 wH, 9230-04 MILLER Molded Choke Input/Output Connector — Type BNC 


MOTOROLA RF DEVICE DATA 
3-346 


MRF234 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout. OUTPUT POWER (WATTS) — 
Pout, QUTPUT POWER (WATTS) 


3, 40 50 86=6=Sti‘<i‘isSt<“‘<i‘SC.SSC«SCéO 
Pin, INPUT POWER (WATTS) | f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE. 
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ENGLE: OF Re wet Fee a Gi 
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ig RECESS 
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Boneeaseneaeeel IN 


Ss ed RS i 
Fe | —— 
at ECC 
a 
2 a ae eee 
3 Cc & 
a a ae a el 
x 4 ee en po 
= “10 oy Se an 9 
fon] aes x ™~ eee aan F 
2 f oun Z- a, 
SrA gabe, eae eee 4 “iar ees RRR 
MHz Cy 9 TAY LX? 
| 40 SEES 8 PERRO RS 
4th, TT 7 £> 
Pees ed dena eed : ett eee ag 
80 690 102 ee ee | 80 3 es HE ee, . 
Vcc, SUPPLY VOLTAGE (VOLTS) . 100 Tl 12 _ 


*ZQL = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. ! 


MOTOROLA RF DEVICE DATA 
3-347 


MRF234 


FIGURE 6 —- PARALLEL EGUIVALENT INPUT RESISTANCE FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY. versus FREQUENCY 


2000 


~ Vee = 12.5 Vde 
Pout = 25W 


Voc = 12.5 Vde 
Pout =25W. . 


1200 


Rin, PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS). 
Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 


0 
40 50 60 7 40.50 a nn a rT 

f, FREQUENCY (MHz) | f, FRECUENCY (MHz) 
FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY . versus FREQUENCY 


Rout, PARALLEL EQUIVALENT 
_ OUTPUT RESISTANCE (OHMS) 

Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) . . f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
3-348 


MOTOROLA 


= SEMICONDUCTOR yy 
TECHNICAL DATA 


The RF Line 


NPN SILICON RF POWER TRANSISTOR | 


... designed for. 12.5 Volt large-signal power amplifier applications 
in communication equipment operating to 225 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — © 
Output Power = 4.0 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% . 
@ Characterized With Series Equivalent Large-Signal Impedance 
Parameters | 


® Grounded Emitter TO-39 Package for High Gain and-Excellent 


Heat Dissipation 
@ Replaces Medium Power Stud Mount Devices 


MAXIMUM RATINGS 


Vdc 


Total Power Dissipation @T¢. = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[___Choraswritie | Symbot | win [tyr | Wox | Unit 


OFF CHARACTERISTICS fe ee S ; 


Collector-Emitter Breakdown Voltage | V(BR)CEO 18 Vde 
(ig = 10 mAde, tg = 0) nife- 
Collector-Emitter Breakdown Voltage . V(BR)CES 36 Vdc 
(Ic =5.0 mAdc, Vg_e = 0) 2 
ON CHARACTERISTICS | 
DC Current Gain . 


(Ic = 250 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc,1¢ = 0) 


Collector Cutoff Current: 
(Vcp= 15 Vdc, IE = 0) 


Output Capacitance _ 
(Vcp = 15 Vde, Ie = 0, f = 0.1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Voc = 12.5 Vdc, 
f= 175 MHz) 
Collector Efficiency 
(Pout = 4.6W, Vec = 12. 
= 175 MHz) 


MOTOROLA RE DEVICE DATA 


3-349 


MRF237 


~4W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 5: . 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


NOTE: . 
1. ALL RULES AND NOTES ASSOCIATED 
WITH TO-39 OUTLINE SHALL APPLY. - 


90° NOM 90° NOM 


CASE 79-03 


GWOG © Gm GF 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF | 
Output 


€1,C4,C5 —-3.0- 180 pF, ARCO 463 L1 1/2 Turn, #16 AWG, 0.5" 1.D. 


c2 1.75-30pF, ARCO 461 L2 1”, #16 AWG 

C3 40pF, UNELCO L3 0.75" #16 AWG 

cé6 0.01 uF, ERIE L4,L5 1Turn, #16 AWG, 0.5" [.D. 

C7 0.1 uF, ERIE REDCAP _--L6 0.15 uH Molded Choke 

cs 1.0uF, TANTALUM L7 1.2 MH Molded Choke 

cg 1000 pF, UNELCO Beads FERRITE Beads, FERROXCUBE 
C10 100pF UNELCO #56-5 70-65/3B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


a na 
= E 
= z 
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E 2 
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a 5 
5 i 
e f= 175 MHz =e 
E Vcc = 12.5 Vde 2 
oO 3 
a. 
140. 150 160 : 170 180 
Ping NEST SUMED (rae) | f, FREQUENCY (MHz) | 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE . FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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ghee ee (eR EIS SRS 
80 909 © -10 i ee V4 13 14 15 16 *Zo_ = Conjugate of the optimum load impedance into which the device output operates 
Vee SUPPLY VOLTAGE (VOLTS) . at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA — 
3-350 | 


MOTOROLA 
fe SEMICONDUCPR 


TECHNICAL DATA 


The RF Line 


‘NPN SILICON RF POWER TRANSISTOR 


... designed for 13.6 volt VHF large-signal class C and class AB 
linear power amplifier applications in commercial and industrial 
equipment. 


® High Common Emitter Power Gain — 
@ Specified 13.6 V, 160 MHz Performance: 
Output Power = 40 Watts 
Power Gain = 9.0 dB Min 
Efficiency = 55% Min 


Load Mismatch Capability at Rated Voltage and RF Drive 
Silicon Nitride Passivated | 


Low Intermodulation Distortion, dg = -30 dB Typ 


See AN791 for description of a 35 W pep, 145 MHz 
linear amplifier. 


MAXIMUM RATINGS 


p Rating | Symbol 
Veco [| 40+ Vee 
ie eee ee 


36 
Total Device Dissipation @ To = 25°C (1) 100 Watts 
Derate above 25°C 0.57 Ww/°C 
Storage Temperature Range ~65 to +150 


THERMAL CHARACTERISTICS 


symbol | Moc | _unit_| 
Thermal Resistance, Junction to Case (2) ReJc 


(1) This device is designed for RF operation. The total device dissipation rating applies 


only when the device is operated as an RF amplifier. 


(2) Thermal Resistance is determined under specified RF operating conditions by infra- 


red measurement techniques. 


MILLIMETERS| INCHES | 
| MAX | 


| MIN, | MAX | MIN | 
| A [24.38 | 25.15 | 0.960 | 0. 
STYLE 1: ye | 9.40 | 9.91 | 0.370 | 0.390 | 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


| G | 18.29 | 18.54 | 0.720 | 
| H | 20.07 | 20.57 | 

~ LK 110.03 | 10.29 | 0.395 | 0.405 | 
| t | 6.22 | 6.48 | 0.245 | 0.255 | 


a : | M | | 60° | | 50° | 
: w 3.81) 4.67 | 0.150 | 0.180 | 
e | o [ 2.87 [ 3.30 [0.113 | 6.130 | 


MRF240A 
-O 


MOTOROLA RF DEVICE DATA 


3-351 


MRF240° 


MRF240A 


40 W — 145-175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


SEATING PLANE nl | 
WRENCH FLAT") 


wel GO 
yO 
oo] ~ 


0.098 | 0.132 


IN 1, EMITTER 
2.BASE 

3, EMITTER 

4. COLLECTOR 


CASE 145A-09 
'  MRF240 


WINE Z4U, VINE Z4UA 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1c = 20 mAdc, ig = 0) | <a. | = = a _ 
36 — _ 


| Collector-Emitter Breakdown Voltage V(BR)CES Ve 
{tc = 20 mAdc, Vee = 0) . 
| Emitter-Base Breakdown Voltage V(BR)EBO 4.0 = a Vdc 


(ig = 5.0 mAdsc, Ic = 0) 
| Collector Cutoff Current IcBo — 10 mAdc 
(Vcp = 15 Vdc, le = 0) 


ON CHARACTERISTICS 


Current Gain hfe 10 70 | 150 a 
(Ig = 4.0 Ade, Veg = 5.0 Vdc) | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Veg = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 13.6 Vde, Pout = 40 W, f = 160 MHz) 


Collector Efficiency 
(Voc = 13.6 Vde, Pout = 40 W, f = 160 MHz) 


TYPICAL SSB PERFORMANCE 


intermodulation Distortion (1) 
(Vec = 13.6 Vdc, Poyt = 35 W(PEP), 
f1 = 146 MHz, f2 = 146.002 MHz, 

leg = 50 mAdc) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 160 MHz TEST CIRCUIT SCHEMATIC RBG 
C10 C11 é 
O O O O O t+ 


+13.6 Vdc 


— RF Output 
Ci L1 L2 L3 \e? 
Ot 
RF Input 
C2 C3 C4 
C1 200 pF, 350 Vdc, UNELCO C10,C11 680 pF ALLEN BRADLEY Feedthru L3 1.2 x 0.6 cm Brass Pad 
C2 100pF, 350 Vdc, UNELCO RFC1 0.15 wH Molded Choke L4 1.2 x 0.6 cm Brass Pad and 
C3 40pF, 350 Vdc, UNELCO RFC2 10 Turns, #18 AWG on 470 Ohm, |. 2.0x 0.2 cm AIRLINE. Inductor 
F V UNELCO i i 
C4,C5 80pF, 350 Vdc, 1 Watt Resistor Beara G10, €, = 5, t= 62 mils 
C6 1,0—20 pF, ARCO Trimmer Bead FERROXCUBE Bead . 2 sided. 2 oz. Clad 
C7 100 pF 350 Vdc, UNELCO RFC3 FERROXCUBE Choke, VK 200-4B : : 
C8 0.1 BF ERIE Disc Ceramic 1 3.3 x 0.2 cm AIRLINE Inductor Connectors: Type N 


C9 1.0uF TANTALUM L2 1.0 x 0.2cm AIRLINE inductor 


MOTOROLA RF DEVICE DATA 
3-352 


MRF240, MRF240A 


FIGURE 3 — OUTPUT POWER versus INPUT POWER ~ 


__ FIGURE 2 — POWER GAIN versus FREQUENCY 


oS 
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~ 
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ECEpeecer, 
ei LTT Ly 
iui td, 
LETT TTT 
BEER TRRREEP 
RaSeteteEeS 


(GP) NIV HAMOd ‘3d9 


Pin, INPUT POWER (WATTS) a 


f, FREQUENCY (MHz) 


_ FIGURE 5 — 


FIGURE 4 - — OUTPUT POWER versus SUPPLY VOLTAGE 


OUTPUT POWER versus SUPPLY VOLTAGE 


145 MHz 


_. (SLIVM)-HIMGd LNd ina 2" 


Vcc, SUPPLY. VOLTAGE (VQ4JS) 


Voc, SUPPLY VOLTAGE (VOLTS): 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


(SLIVM) H3MOd LNdLNO 3% 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


3-353 


MRF240, MRF240A 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT iMPEDANCES 
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MOTOROLA RF DEVICE DATA 
3-354 


MOTOROLA 


a SEMICONDUCTOR mm 
TECHNICAL DATA 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 175 MHz. 
@ Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power. = 75 Watts 
Minimum Gain = 7.0 dB~ 
_Efficiency =55% - 
® Characterized With Series Equivalent Large-Signal Impedance | 


Parameters ; 


® Internal Matching Network Optimized for Minimum Gain 
Frequency Slope Response Over the Range 136 to 175 MHz 


® Load Mismatch Capability at Rated Pout and Supply Voltage 


See AN-791 for Description of a 75 W PEP, 145 MHz Linear Amplifier. 


MAXIMUM RATINGS 7 
Collector-Emitter Voltage ; 


Total Device Dissipation @ To = 25°C (1) 
Derate Above 25°C 
Storage Temperature Range _ . -65 to +150 


Thermal Resistance, Junction to Case (2) 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


(2) Thermal Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


R-R55 


MRF247 


75 W — 175 MHz 


CONTROLLED Q 
RF POWER 
TRANSISTOR 


~ NPN SILICON 


MOTOROLA RF DEVICE DATA 


_ STYLE1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


CASE 316-01 


MRF247 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


fp haracteristic | Symbot | min | tye |x | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
i tig = 100 mAde, ip = 0) | 
| Collector-Emitter Breakdown Voltage VIBRICES 


(ic = bU mAdc, Vge = O) 


Emitter-Base Breakdown Voltage — ViBR)EBO | Vde 
(Ic = 10 mAdc, Ic = 0) | 


ON CHARACTERISTICS 


DC Current Gain: 
(Ic = 5.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 75 Watts, f = 175 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 75 Watts, f = 175 MHz) 
Load Mismatch . No Degradation In Output Power . 
(Vcc = 12.5 Vdc, Poyt = 75 Watts, f= 175 MHz, 
VSWR = 30:1 All Phase Angles) 


FIGURE 1 — OUTPUT POWER versus INPUT POWER _ FIGURE 2 — POWER GAIN versus FREQUENCY 


= 175 MHz 


i 
150-MHz — —t- 
pa 


Pout, OUTPUT POWER (WATTS) 


jb { 
Gpe POWER GAIN (dB) 


Pin, INPUT POWER (WATTS) {, Frequency (MHz) 


MOTOROLA RF DEVICE DATA 
3-356 


MRF247 


Pout, OUTPUT POWER (WATTS) 


Pout, QUTPUT POWER (WATTS) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
136 MHz 


Vcc SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
175 MHz 


MAL 


AAA 


15 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
150 MHz 


Pout, QUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 


3-357 


MOTOROLA 
SEMICONDUCTOR & 


TECHNICAL DATA 


me RF Line 


NPN Silicon 
He Power ftransistor 


. designed for 12.5 volt VHF large-signal amplifier applications in industrial and com- 
mercial FM equipment operating to 175 MHz. 


80 WATTS, 175 MHz 


CONTROLLED 0 
® Typical 12.5 Volt, 175 MHz Characteristics in Broadband Circuit: RE POWER 


Output rower = 80 Waiis . 6 ee TRANSISTOR 


Gain = 11.3 dB NPN SILICON 
Efficiency = 59% 


® Characterized with Series Equivalent Large- Signal ihapedanes Parameters 

Internal Matching Network Optimized for Broadband Operation 

lon Implanted Emitter Ballast Resistors for Improved Load Mismatch Capability at 
Elevated Drive and Voltage 


MAXIMUM RATINGS 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Device Dissipation @ Ta = 25°C D 
Derate above 25°C 1.43 


ene 
THERMAL CHARACTERISTICS 

ee 
[Thermal Resistance, Juncione Case ——SS*d;SRwe | a? | ew 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


dr ete team e=w———[ Waneo [4 [ve 
-colestormiter Beskdown Votage c= S0mAde l= 0 | Wanceo | ves | _— | =| vee 
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, VBE = 0) rr a 
15 Vdc, Vee = 0) © ICES Po fe Tt mAdc. 


CASE 316-01 


Collector Cutoff Current (VcE = 
ON CHARACTERISTICS 

DC Current Gain (Ic = 2 Adc, Vcg = 5 Vdc) 
DYNAMIC CHARACTERISTICS . 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout =.80 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 80 W, f = 175 MHz) 


Load Mismatch a ee ae Se eM . 7 
(Vec = 15.5 Vde, Pin = 2 dB Overdrive, f = 175 MHz, ce _- No Degradation In Output Power 


VSWR = 30:1 All Phase Angles) 


MOTOROLA RF.DEVICE DATA 


3-358 


MRF248 


10 
. 1 


Pout, OUTPUT POWER (WATTS) 


"BAP 
| | 
| | 
c=! ] 1B. 4 C4 


| et - | | = C5 | RF . 
| too . | t ] | | "OUTPUT | 
INPUT | ET Xba og} feo cro} etm cre : _ 
oe . C2 — C3 —— C4 DUT). == 1 3 C13 a 
ae a ss 
a | a 
Le ee ee | 
SOCKET 
Ci, C14 — 1000 pF Chip Cap, ATC100B102JC50 L1 — 3 Turns #18 AWG, 0.165” ID . 
C3 — 15 pF Unelco, Standex J-101-15 . —L2, L3 — 0.2"W x 0.3’L, 5 mil Cu Sheet 
C2, C13 — 1-20 pF Johanson . L4— 2 Turns #18 AWG, 0.165” ID 
C4 — 150 pF Unelco, Standex J-101-150 — L5 — 5.6 wH Choke, Cambion — . 
C5 — 300 pF Chip Cap, ATC100B301JC200 L6, L7 — 3 Turns #18 AWG, 0.13" 1D | 
C6, C8 — 270 pF Chip Cap, ATC100B271JC200 L8 — Ferrite Choke, Ferroxcube VK200-20-4B | 
°. C7 — 240 pF Chip Cap, ATC100B241JC200 - B1, B2 — Ferrite Bead, Ferroxcube 56-590-65-3B 
C9, C11 — 80 pF Unelco, Standex J-101-80 — Ri — 10 O, 1/2 Watt - . a 
C10 — 100 pF Unelco, Standex J-101-100 . Board Material — 0.062” G-10, 2 oz. Cu, er = 4.5 


_ C12 — 30 pF Unelco, Standex J-101-30 . JU-1 — Jumper for Vre Test Port 
~ C15, C19 — 10 wF/35 V . . . 
C16, C17 — 91 pF Mini-Unelco, Standex 3HS0006-91 
C18 — 0.001 uF . 


‘Figure 1. 135-175 MHz Broadband Test Circuit 
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Pout, OUTPUT POWER (WATTS) 
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3 4 5 6 7 68 9. 10 11 130 135 140 145 150 155 160 165 170° +175 «#180 ~«« 
Pin, INPUT POWER (WATTS) ~ -f, FREQUENCY (MHz) - 
Figure 2. Output Power versus Input Power | Figure 3. Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 


QQka 


MRF248 


100 
90 H { Le { ae Pout fee] 1 
_ A . 80 : 
E ran 70} 
= a {| 
a 80 pt ————— 
g S21 Ler | Pry 
: ee wt 1 1 TT a ,, 
5 Sey htt | fT [ice ie 
—~ t —F i BN H i i i a 
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Figure 4. Output Power versus Voltage Figure 5. Typical Broadband Performance 


*Zo.: CONJUGATE OF THE 
OPTIMUM LOAD IMPEDANCE 
INTO WHICH THE DEVICE 
OUTPUT OPERATES AT A 
GIVEN OUTPUT POWER, 
VOLTAGE, AND FREQUENCY. 


Hr 
e808 eneagege ee: 
SUaseSamnezees, 


‘s ee Pout = 80 W, Voc = 12.5 Vde aie 150% 170! MH? eo Pout = 80 W, Voc = 12.5 Vde 
te nies RX pies . Zor Rix 
agi 0.4 + j0.9 15 + j0.6 
7 0.5 + j1.1 140 1.2 + j04 
0.6 + j1.2 | 150 1.0 + j0.4 
094+ j12 | 160 | 0 0.9 + 105 
1.3 + j0.7 0.8 + j0.7 
1.0 + j0.1 ‘ 0.7 + j08 
sas SOX BARE PSK OX A BAR 
Figure 6. Zjn, Input Impedance Figure 7. Zo.*, Output Impedance 


OUTLINE DIMENSIONS 


NOTE: > 
FLANGE tS ISOLATED IN ALL STYLES, 


a | 


MILLIMETERS INCH 


| MIN | MAX | MIN 
STYLE 1: . | a | 2438 | 2514 | 0.960 | 0,990 


PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


3-360 


MRF248 


BIASBD tS Vee 


INPUT . OUTPLT 
NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 8. MRF248 Photomaster 


Figure 9. 136-175 MHz Test Circuit 


MOTOROLA RF DEVICE DATA 


3-361 


MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


MRF260 


| The RF Line | 


Collector-Base Voltage | a 4 


Thermal Resistance, Junction to Case (2) _ ReJc 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5-volt VHF large-signal power amplifier applica- 
tions in commercial and industrial equipment. 


® Low-Cost Common-Emitter TO-220 Package 
®@ Specified 12.5 V, 175 MHz Performance: | 
Output Power —5.0 Watts 
Power Gain . ~ 10 dB Min 
Efficiency 55% Min 
@ Load Mismatch Capability at High Line and-rated RF Input 
®@ Other Devices in the Series: | 
MRF262 15 Watts 
MRF264 30 Watts 


MAXIMUM RATINGS 


Emitter-Base Voltage. 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


THERMAL CHARACTERISTICS 
Symbol 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


(2) Therma! Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


3-362 


MOTOROLA RF DEVICE DATA 


SW 136-175 MHz 


RF POWER 
TRANSISTOR 


Y | wich 
riya ie 


K 
} — #F 
J SECT A-A 
_| og . | iT L 
G 


a 


STYLE 2: 
PIN-1. BASE NOTE: 


2. EMITTER 1. DIM. L & H APPLIES 
3. COLLECTOR TO ALL LEADS.. 


4. EMITTER 


MILLIMETERS| INCHES | 
| MAX | 


MRF260 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) . 7 : 

| Characteristic CS Symbot | Min | typ | Max unit 

‘OFF CHARACTERISTICS . | a | : 
Collector-Emitter Breakdown Voltage . vericco 78 ff Me 
(Ic = 10 mAdc, Ip = 0) | 

Collector-Emitter Breakdown Voltage , - pvences | fF > | Le 
(I¢ = 5.0 mAdc, Vgg = 0) . = | 
(Ie = 1.0 mAdc, Ic = 0) | 

(Veg = 15 Vde, Ie = 0) Co , | . = 


~ ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 250 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcep = 15 Vde, le = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


(Voc = 12.5 Vde, Pout = 5.0 W, f = 175 MHz) 


Collector. Efficiency 
(Veg = 12.5 Vde, Pout = 5.0 W, f = 175 MHz) 


RF Output 


RF Input 


C1 — 40 pF Underwood 7 L1— 1-1/2 Turns, #18 AWG, 3/16” ID, |= 1/8” 
C2, C5 — Johanson Trimmer #JMC-5501 L2 —3 Turns, #18 AWG, 5/16” ID, 1 = 1/4” 
C3 — 60 pF Underwood a : R—109,1.0W 

C4 — 25 pF Underwood — B — Ferroxcube Bead 56-590-65-3B 

C6 — 1000 pF Underwood REC1 — 0.15 HH Molded Coil 

C7 — 0.1 HF Erie Red Cap ~ REC2 — 0.15 LH Molded Coil 

C8 — 100 HF Electrolytic, 15 V RFC3 — Ferroxcube VK200-20-4B © 


Board Material: 
Teflon Fiberglass — G10, thickness = 0.062 inches. 


“MOTOROLA RF DEVICE DATA 
3-363 


MRF260 


Gpe, POWER GAIN (dB) 


Put, OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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s | | ft * 
ip es 
2.0 
1 | | | 
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f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
136 MHz 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


3.0 
2.0 


1.0 
0 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Lh, | 
0 01 0 03 — : iT 


2 U4 Ub U.b 
Pin, INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
150 MHz 


6.0 8.0 10 
Vcc, SUPPLY VOLTAGE (VOLTS) 


12 14 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


3-364 


MOTOROLA RF DEVICE DATA 


MRF260 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES | 
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' . FIGURE 8 — 175 MHz TEST AMPLIFIER 


MOTOROLA RF DEVICE DATA 
3-365 


MOTOROLA 


=” SEMICONDUCTOR & 
TECHNICAL DATA 


MRF261 


iOW 136-175 MHz 


NPN SILICON RF POWER TRANSISTOR —s_—y RF POWER 
a TRANSISTOR 
. desianed for 12.5-volt VHF large-signai power amplifier applica- ee | 
NPN SILICON 


tions in commercial and industrial equipment. 
@ Low-Cost, Common-Emitter TO-220 Package 


@ Specified 12.5 V, 175 MHz Performance —. 
~. Output Power = 10 Watts 
Power Gain = 5.2 dB Min 
Efficiency = 50% Min... 


_ @ Load Mismatch Capability at High Line. and RF Overdrive 


@ Other Devices in the Series — 
- MRF260__—_si5..O Watts 
MRF262 15 Watts 
MRF264 =. 30 Watts 


MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage : VcBOo 
Emitter-Base Voltage VEBO 
Collector-Current — Continuous eo | 2 
Total Device Dissipation @ Tc = 25°C (1). 

Derate above 25°C : oe 
Storage Temperature Range ~ -65 to +1 50 ; < fee 


PIN'1. BASE 1. DIM. L& H APPLIES 
> EMITTER. TO ALL LEADS. 


3. COLLECTOR 
4. EMITTER 


THERMAL CHARACTERISTICS 
Characteristic _ 


Pe coe MILLIMETERS METERS) INCHES —_ 


| MIN | MAX _| 

PET ee Use Oa 

(1) These devices are designed for RF operation. The total device dissipation rating x Pe | eas | raze [n.00-| 0408 
applies only when the devices are operated as‘ RF amplifiers. 0.89 | 0.025 | 


Thermal Resistance, Junction to Case (2) 


ao 
co 
w 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 
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CASE 221A-02 


MOTOROLA RF DEVICE DATA 


3-366 


MRF261 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


~ Characteristic 


OFF CHARACTERISTICS 


V(BR)CEO 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = O) 


Emitter-Base Breakdown Voltage 
(Ig = 2.5 mAde, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vde, Ig = 0) 


ON CHARACTERISTICS 


_ DYNAMIC CHARACTERISTICS. 


Output Capacitance 
(VcB = 15 Vdc, Ip = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 10 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 10 W, f= 175 MHz) 


FIGURE 1 — 175-MHz TEST CIRCUIT 


+Vdc 


cs 
RF Input t< RF Output 
C1 
neta caine th io 7 , L1 — 2 Turns, #18 AWG, 5/16” ID 
C2, C6 — Johanson Trimmer #5501_- . . L2 — 1-1/2 Turns, #18 AWG, 5/16” 1D 


C3 — 60 pF Underwood 
C4 — 150 pF Underwood 
cS — 100 pF Underwood 


R— 102, 1.0W 
B — Ferroxcube Bead 56-590-65-3B 


C7, C8 — 15 pF Underwood RFC1 — 0.15 BH Molded Coil 

C9 — 1000 pF Underwood ; _... RFC2 — 6 Turns #18 Wire, 5/16” ID 

C10 — 0.1 uF Erie Red Cap RFC3 — VK200-20/4B 

C11— 100 uF Electrolytic, 15 Vde | . Board Material — Teflon Fiberglass 
t= 0.062” 


MOTOROLA RF DEVICE DATA 


2-247 


MRF261 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — POWER GAIN versus FREQUENCY 


10 
pf Pt ce sa 


f 


Pout = as 


136 MHz 


+ 


—L. 


a N (=) 
— ~ 


| 
— 
175 MHz 


(SLLWM) H3MOd LNaLno 3"%g 


So 
— 


CHE 


cn 


(@P) NIW9 Y4dMOd ‘449 


Sarauanel 


4.0 


P;,, INPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


FIGURE 4 -- OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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136 MHz 


(SLLVM) YAMOd LNdino 3"%q 


Voc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


175 MHz 


(SLLVM) H3MOd LNdLNO 3°%q 


Vec, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RE DEVICE DATA 


3-368 


MRF261 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT. IMPEDANCES 
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MOTOROLA RF DEVICE DATA 


2.98a0 


MOTOROLA 
ma SEMICONDUCTOR @ 
TECHNICAL DATA 


MRF262 


15W. 136-175 MHz 


| 

| 

NPN SILICON RF POWER TRANSISTOR 7 _RF POWER | 
TRANSISTOR 

| 


. designed for 12.5-volt VHF large-signal power amplifier applica- 
tions in commercial and industrial equipment. 


NPN SILICON 


® Low-Cost Common-Emitter TO-220 Package 


® Specified 12.5 V, 175 MHz Performance: 
Output Power 15 Watts 
Power Gain 6.3 dB Min 
Efficiency 55% Min 
@® Load Mismatch Capability.at Rated Voltage and RF Drive 


@ Other Devices in the Series: 
MRF260 5.0 Watts 
MRF264 30 Watts 


MAXIMUM RATINGS rues 


, SECT A-A 
J EC 


ap ee 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 
STYLE 2: 


| Storage Temperature Range Temperature Range Tstg -65 to +150} °C PIN 1. BASE 1. DIM. L & H APPLIES 
2. EMITTER TO ALL LEADS. 


THERMAL CHARACTERISTICS 7 x Sana 


Symbol a eae Unit 
Thermal Resistance, Junction to Case (2) Roc mice meeRs[ ones. 


(1) This device is designed for RF operation. The total device dissipation rating applies 
Only when the device is operated as an RF amplifier. 


(2) Thermal Resistance is determined under speetnigd RF operating conditions by infra- 
red measurement techniques. 


CASE 221A-02 


MOTOROLA RF DEVICE DATA 


3.3270 


MRF262 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise ere 


se eo 


Emitter-Base Breakdown Voltage | oe V(BR)EBO 

(Ig = 2.0 mAdc, Ic = 0) : My ¢ 

Coliector Cutoff Current . ICBO mAdc | 
(Veg = 15 Vae, IE = 0) | 2 | 


ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 500 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Qutput Capacitance 
(Vcp = 15 Vde, Ip =0, f= 1.0 MHz 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 15 W, f = 175 MHz) 
Collector Efficiency 
(Vec= 12.5 Vdc, Pout = 15 W, f = 175 MHz). 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown. Voltage 
(I¢ = 10 mAdc, VpE = 0) 


FIGURE 1 — 175 MHz TEST CIRCUIT 


aus Vde 


RF Input 


aN RE uk capes aia ous : L412 Turns, #18 AWG, 5/16” ID 
C2, C6 — Johanson Trimmer #5501 —L2 — 1-1/2 Turns, #18 AWG, 5/16” ID 
C3 — 60 pF Underwood 

C4 — 150 pF Underwood 
c5 — 100 pF Underwood 


R—109,1.0W 
B — Ferroxcube Bead 56-590- 65- 3B 


C7, C8 — 15 pF Underwood a ~  RFEC1 — 0.15 BH Molded Coil 

C9 — 1000 pF Underwood ’ 7 RFC2 — 6 Turns #18 Wire, 5/16” ID 

C10 — 0.1 WF Erie Red Cap. - RFC3 — VK200-20/4B 

C11 — 100 uF Electrolytic, 15 Vde : Be a Board Material — Teflon Fiberglass 
“t= 0.062’ 


MOTOROLA RF DEVICE DATA 


2.271 


MRF262 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-372 


MRF262 


FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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BS ae Sg 


136 MHz 


Pout=15W Vec=12.5V . 
MHz Ohms Ohms 
| 136 0.8 +j1.6 6 -j1. 
150 1.0 + 52.1 
| 1.24j28 
*ZOL = Conjugate of the optimum toad - 
impedance into which the device 


operates at a given output power, 
voltage, and frequency. 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 


a SEMICONDUCTOR @ 
TECHNICAL DATA 


MRF264 


The RF Line 


30 W 136-175 MHz 


RF POWER 


se 


NPN SILICON RF POWER TRANSISTOR 
TRANSISTOR 
. designed for 12.5-volt VHF large-signal power amplifier applica- 


tions in commercial and industrial FM equipment. — 
@ Low-Cost, Common- Emitter TO-220 Package _ 


® Specified 12.5 V, 175 MHz Performance — 
~ Output Power = 30 Watts 
Power Gain = 5.2 dB Min 
Efficiency = 60% Min 
@ Load Mismatch Capability at High Line and RF Overdrive 


NPN SILICON 


® Other Devices in the Series — 
MRF260 5.0 Watts 
-MRF261 10 Watts 

MRF262° ~=15 Watts © 


MAXIMUM RATINGS 


: D 
Smoot [vane [ont ily 


Vde j SECT A-A 


Total Device Dissipation @ TAS 25°C urs . es Watts . 
Derate above 25°C 0. 64. mW/°C STYLE2: . 


3. COLLECTOR 
4. EMITTER 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) Rac 1.56 Ho 


0.142 0.147 


Saas PIN. 1. BASE 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


CASE 221A-02 


MOTOROLA RF DEVICE DATA 


MRF264 


ELECTRICAL CHARACTERISTICS ace 25°C unless otherwise noted) 


Symbol a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage. . 
(Ic = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
ic 20 mAdc, VBE = O) 


. (Ig = 5.0 mAde, Ic = 0) 


Collector Cutoff Current | cee ‘mAdc 
(Vcp = 15 Vdc, IE = 0) : 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ip = 0, f = 1 0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 30 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = =30 W, f= 175 MHz} 


- FIGURE 1 — 175 MHz TEST CIRCUIT 


C2 
RF Input |} RF Output 
C1 
C1, C5 — 1.0-20 pF Johanson _ Li— 2-1/2 Turns, #16 AWG 0.35” 1D 
C2 — 25 pF Unelco L2 — 2 Turns, #16 AWG 0.25” ID 
C3 — 120 pF Unelco L3 — 0.15 wH Molded Choke 


C4 — 100 pF Unelco 
C6 — 15 pF Unelco 
C7 — 1000 pF Unelco ; 
C8 — 0.1 pF Erie Redcap R1—102, 2.0W 
C9 — 100 HF, Electrolytic, 15 Vde 


RFC1 — 5 Turns, #18 AWG 0.25” 1D 
RFC2 — Ferroxcube VK200 21/4B 


B — Ferroxcube Bead 56-590-65-3B 


MOTOROLA RF DEVICE DATA 


MRF264 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


. ‘Hee ee | 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE — 


FIGURE 4 — - OUTPUT POWER SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 
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FIGURE 7 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES -_ 
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MOTOROLA.RF DEVICE DATA _ | so 
3-377 


MOTOROLA 
me SEMICONDUCTOR eee 
TECHNICAL DATA : | MRF309 


i | 
ae) ~ ee 50 W-450 MHz | 
CONTROLLED “Q” 
BROADBAND RF POWER 
id Sat Siete efit Sess se TRANSISTOR 
. designed primarily for wideband large-signal outpi er 
stages in the 420-450 MHz frequency range. NPN SILICON | 


® Guaranteed Performance in 450 MHz Amplifier @ 28 Vdc 
Output Power = 50 Watts 
Minimum Gain = 7.0 dB @ 450 MHz 


@ Built-In Matching Network for Broadband Operation Using 
Double Match Technique 


@ 100% Tested for Load Mismatch at all Phase Angles 
with 20:1 VSWR 


® Engineering Bulleting, EB67, describes the construction of 
a 100 W (PEP), 420 to 450 MHz linear amplifier using a 
pair of MRF309's 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


33 


Total Device Dissipation @ Tc = 25°C 146 Watts 
Derate above 25°C 0.83 w/°c 
Storage Temperature Range ~65 to +150 % | 


THERMAL CHARACTERISTICS 


Symbol_ 
Thermal Resistance, Junction to Case Rac 


1: 
PIN 1, EMITTER © 


(1) These devices are designed for RF Seca. The total device dissipation rating 2 COLLECTOR 
applies only when the devices are operated as RF amplifiers. : ee 


. FLANGE-ISOLATED 
MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. . | 
The matching procedure used by Motorola consists of 
measuring hfE at the data sheet conditions and color cod- 
ing the device to predetermined hfe ranges within the 
normal hfe limits. A color dot is added to the marking on 
top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


3-378 


MRF309 


ELECTRICAL CHARACTERISTICS (Tc = 25°C | cpless otherwise ee 


| Se ee 
OFF CHARACTERISTICS. 


— 
(Ic = 50 mAdc, Ip = 0) 
i a i 
lice 50 mAdc, Veg = 0) 
(ies 5.0 mAdc, Ic = 0) 
(Veg = 30 Vdc, IE = 0) | 
ON CHARACTERISTICS 
DC Current Gain ‘ 
(Iq = 5.0 Adc, Veg = 5.0 Vdc) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 50 W, f = 450 MHz) 
Collector Efficiency 
(Voc = 28 Vde, Poyt = 50 W, f = 450 MHz) 


Characteristics 


Electrical Ruggedness 
(Pout = 50 W, Voc = 28 Vdc, f = 450 MHz, 
VSWR 20:1 all phase angles) 
Series Equivalent Input/Output Impedance 
(Vcc = 28 Vde, Pout = 50 W, f = 450 MHz) 


NOTE:.For linear operation, apply forward bias such that cg (no RF signal) is 5.0-50 mA. 
*ZOL = Conjugate of the load impedance into which the device output operates at a given output power, supply voltage and frequency. 


FIGURE 1 — 450 MHz TEST AMPLIFIER 


R1 
; f ) | : + V 
LA : ~O +28 Vde 
; ae 2 laa che 
pens = 7 = 
Le io 

L3 ak 

C1 Z1 Z2 23 - Z4 C11 


wT ba 


C3, C4, C5 — Underwood 25 pF Z1 — Microstrip 0.200’ W X 0.900” 


L 
C2, C10 — Johanson #JMC 5501 1~20 pF Z2 — Microstrip 0.200” W X 0.200” L 
C6 — Underwood 15 pF 23 — Microstrip 0.200” w X 0.500” L 
C7, C8 — 0.1 uF Erie Red Cap, 100 V 24 — Microstrip 0.200’’' W X 0.650" L 


C9 — Underwood 80 pF 
C1, C11 — Underwood 40 pF . 
C12 — 1.0 MF Tantalum 


L1, L3— RFC, 0.15 wH Molded Coil | 
L2 — RFC, 4 Turns #20 Wire, 3/8” ID, 1/2’’ long 
L4 — RFC, Ferroxcube VK200 19/4B 


R1—562 
Bead — Ferroxcube 56-590-65/4B 
Board Material — 0.062” Thick glass — Teflon, e, = 2.56 


~ MOTOROLA RF DEVICE DATA 
3-379 


MOTOROLA 
aa SEMICONDUCTOR x 
TECHNICAL DATA MRE313 


41.0 W — 400 MHz | 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


_.. designed for wide band amplifier, driver or oscillator applications 
in military, mobile, and aircraft radio. 


® Specified 28 Volt, 400 MHz Characteristics — 


Output Power = 1.0 Watt 
Minimum Gain = 15 dB 
Efficiency = 45%. 


© Emitter Ballast and Low Current Density for Improved MTBF 


@ Common Emitter for Improved Stability 


Sp ee A Oe eee ee rae Eee ee Re ee ee ee 


a 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


—65 to +150 


i705 | 
450 NOM 45° NOM 


MRF313 
CASE 305A-01 


MOTOROLA RF DEVICE DATA 


3-380 


MRF313 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Symbol [Min [Typ [Max [Unk | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
~ (Ig = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage 
(I_ = 1.0 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain . hee 20 150 
(ic = 100 mAdc, Veg = 10 Vdc) | 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product © 
(Iq = 100 mAdc, VcgE = 20 Vdc, f = 200 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain!1) 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 
Collector Efficiency 
(Veco = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 
Series Equivalent Input !mpedance 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
Series Equivalent Output | mpedance 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


(1) Class C | 


RF Output 


C1,C2,C4 1.0-20 pF JOHANSON 9063 L1,L3 5 Turns, AWG #20, %” I.D. 
C3 1.0-10 pF JOHANSON : L2 Ferrite Bead, FERROXCUBE R 4.7 Ohms, % W 
C5 150 pF Chip No. 56-590-65/4B . 21 2.0" x 0.1" MICROSTRIP LINE 
C6 0.1 UF L4 FERROXCUBE VK200-20/4B 22,23 2.6’'x 0.1'’ MICROSTRIP LINE 
C7,C8 680 pF Feedthru Input/Output Connectors — Type N 
CQ 1.0uF TANTALUM Board — Glass Teflon, € = 2.56, t= 0.062” 


MOTOROLA RF DEVICE DATA 
3-381 


SEMICONDUCTOR sm 
TECHNICAL DATA | MRF314 


MRF314A 


Pre RE Lime 
30 W—30-200 MHz 


RF POWER 


NPN SILICON RF POWER TRANSISTOR 
TRANSISTOR 


... designed primarily for wideband large-signal driver and output NEeStheen 


amplifier stages in the 30—200 MHz frequency range. 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 30 Watts 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase 


Angles with 30:1 VSWR MRF314 


TYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, EMITTER 
4. COLLECTOR 


® Gold Metallization "System for High Reliability Applications 


\ SEATING PLANE 


MILLIMETERS| INCHES | 
DIM MAX 
A 0.980 
B ; 0.370 | 0.390 

ec | 592 | 714 10.229 | 0.281 | 
D | 546 | 5.97 [0.215 0.235 
—e | 2.16 | 2.67 | 0.085 | 0.105 
F {| 0.10 | 0.15 | 0.004 | 0.006 

G “ti 18.54 | 0.720 : 2008 | 
H | 20.07 | 20.57 [ 0.790 | 0.810 
K | 70.03 | 10.29 | 0.395 | 0.405 
t | 6.22 Oza 0.245 [ 0.255 


MAXIMUM RATINGS 


Collector-Base Voltage . 
Emitter-Base Voltage | 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 0.47 
Storage Temperature Range -~65 to +150 
| THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


(1) These devices are designed for RF. operation. The total device dissipation 
rating applies only when the devices are operated as RF amplifiers. 


Collector-Emitter Voltage 


MRF314A 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


|__INCHES 
min [ MAX | 


{ 0.370 rate 
0.320 | 0.330 


0.670 | 0.790 


‘11 | 2.54 | 0.083 | 0.100 
| | 2.49 asi ons 0.132 | 


CASE 145A-09 


MOTOROLA RF DEVICE DATA 


Q-2Q29 


MRF314, MRF314A - 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


. Characteristics 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage 
(Ic = 30 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage - V(BR)CES 65 
(Ic = 30 mAdc, Vee = 0) | 

Collector-Base Breakdown Voltage . V(BR)CBO | © 65° Vdc 
(Ic = 30 mAde, Ie = 0) - os | | | : 


(Ile = 3.0 mAdc, Ic = 0) . 

(VcoB = 30 Vde, IE =0) — . {oo a 
ON CHARACTERISTICS _ | Oo | 
DC Current Gain . 


(Ic = 1.5 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTER!STICS 


Output Capacitance 
(Vep = 30 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 30 W, f = 150 MHz)” - 
Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 30 W, f = 150 MHz) 
Load Mismatch | oo | 
(Vcc = 28 Vdc, Poy = 30 W, f = 150 MHz, No Degration in Power Output 
VSWR = 30:1 all phase angles _ . | . 


FIGURE 1 — 150 MHz TEST CIRCUIT 


R2- 


- - O DC +28 Vde 


cs cg C10 
rrc2 na ae 
1 C7 


ci | | | . (—< RF Output 
RF Input >—) zZ1 | c6 | 


im C3 | in i 


C1, C7 — 18 pF, 100 mil ATC | | R1,R2—102,1.0W | 
C2 — 68 pF, 100 mil ATC | . 
C3, C6 — Johanson #JMC 5501 a | RECT — 15 BH Molded Coil 


RFC2 — 2 Turns, 2.5'' #20 Wire, ID = 0.2” 


C4 — 270 pF, 100 mil ATC 
RFC3 — Ferroxcube VK 200—.19/4B 


C5 — 240 pF, 100 mil ATC 


C8, C9 — 100 pF Underwood os 21 — Microstrip 0.168’’ W x 1.67 L 
C10 — 1.0 uF Tantalum 22 — Microstrip 0.168" W x 1.2°°L 
L1— 2 Turns, 2.5" #20 Wire, 1D = 0.275" Board — Glass Teflon €p 2,55 


- MOTOROLA RF DEVICE DATA | | | 
3-383 


MRF314, MRF314A 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 ~ POWER GAIN versus FREQUENCY FIGURE 5 — EFFICIENCY (n%) versus FREQUENCY 


EFFICIENCY (1%) 


Gpge, COMMON EMITTER POWER GAIN (db) 
oo 


2 40 go 80 100 120 140 160 (180 200 220 1 40 
f, FREQUENCY (MHz) 


60 80 0«=—- 1002S: 120.—s—s«*d74Q—Ss«160 180 ©6200 220 
f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
3-384 


MRF314, MRF314A 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


ax | 
oS5 aueeeene 
ee 


18.0 -j12.1 
16.5 -j12.1 
15.0 -j11.8 
12.9 -j10.8 
11.9 -j9.4 
11.5 -j8.1 


MOTOROLA RF DEVICE DATA 
3-385 


MOTOROLA 
sa SEMICONDUCTOR mm 
TECHNICAL DATA 


MRF315 
MRF315A 


| The RF Line | | | 


45 W — 30-200 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 
NPN SILICON 


. .. designed primarily for wideband large-signal output amplifier 
stages in the 30—200 MHz frequency range. 


® Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 45 Watts 


Minimum Gain = 9.0 dB MRF315 


@ 100% Tested for Load Mismatch at All Phase 
Angles with 30:1 VSWR : 


@ Gold Metallization System for High Reliability Applications 


See ee N STYLE t: 
| | | 4 PIN 1. EMITTER 
eee Creer 2. BASE 

i" 3. EMITTER 


SEATING PLANE 


4. COLLECTOR 


INCHES 
MAX | MiN | MAX 
24.89 | 0.970 | 0.980 | 
9.91 | 0.370 | 0.390 
ec | 592 | 7.14 10.290 | 0.281 
[op | 5.46 | 5.97 | 0.215 | 0.235 


2.16 | 2.67 | 0.085 | 0.105 


9.006 CASE 211-07 


MAXIMUM RATINGS _ 


po Rating | Symbot_| Value 


Collector-Emitter Voltage 


= 8-32NC2A 


| 


MRF315A 
Ad 


= 
Total Device Dissipation @ Tc = 25°C (1) 110 Watts 
Derate above 25°C 0.63 w/c 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


(1) These devices are designed for RF operation. The total device dissipation 
rating applies only when the devices are operated as RF arnplifiers. 


CASE 1454-09 


MOTOROLA RF DEVICE DATA 


3-386 


MRF315, MRF315A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristics Symbol [ei eee ee 


OFF CHARACTERISTICS 
eel 
(ig = 40 mAde, Ip = 0) 
(Ic =40 mAde, VBE 0) 2 af. 
(Wc = 40 mAde, le =0) 
a 
ee 4.0 mAdc, Ic = 0) 
reroweren T 
(Veg = 30 Vdc, Ig - 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 Adc, VcgE = 5.0 os 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 30 Vdc, le = 0,f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 45 W, f = 150 MHz) 
Collector Efficiency 
(Voc = 28 Vde, Pout = 45 W, f = 150 MHz) 
Load Mismatch 
(Vcc = 28 Vdc, Pout = 45 W, f = 150 MHz, a No Degradation in Power Output 
VSWR = 30:1 all phase angles) 


- FIGURE 1 — 150 MHz TEST CIRCUIT 


Input 


C1 — 30pF, 100 mil ATC L1— 0.5’' #18 Wire 
C2.— 47 pF, 100 mil ATC L2— 2 Turns, 1.5’ #20 Wire, 1D = 0.15” 


C3, C7 — Johanson #JMC 5501 
Es za pas Mi * iS ar . m” 
C4, C5 — 200 pF, 100 mil ATC 21,22 — Microstrip 0.168" W x 1.25" L 


C6 — 24 pF, 100 milf ATC a RFC1— 15 wH Molded Coil 

C8 — 27 pF, 100 mil ATC RFC2 — 2 Turns, 2.5'’ #18 Wire, |D = 0.2” 
cg, C10 — 100. pF Underwood RFC3 — Ferroxcube VK200— 19/48 - 
C11 — 1.0 uF Tantalum . R1,R2—102, 1.0W 


Board — Glass Teflon €pm ~ 2,55 


“MOTOROLA RF DEVICE DATA 
3-387 


MRF315, MRF315A 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — OUTPUT T POWER versus INPUT POWER 
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n, EFFICIENCY (%) 


Gpe, COMMON-EMITTER POWER GAIN (dB) 
y 


Litt TTT 
LLEVA TT 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
3-388 


MRF315, MRF315A 


FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


LOAD 
OF REFLECTION COEFFICIENT 


20 " NN 
te ce vO feat sare : ©, Cc 
RSS TERE ot LER 


ZoL* 
OHMS 


10.3-]5.8 
9.9-j5.4 
9.3-)5.1 


Voc = 28V, Pout = 45 W 


ux 


*Z9, = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


XXX 


FIGURE 7 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
3-389 


MOTOROLA | 


a SEMICONDUCTOR | 
TECHNICAL DATA 


MRF316 


|  -‘TheRFLine | 


BROADBAND RF POWER 


CONTROLLED “0” 
TRANSISTOR 
| 


NPN SILICON 


_... designed primarily for wideband large-signal output amplifier 
stages in the 30—200 MHz frequency range. 


® Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 80 Watts 
Minimum Gain = 10 dB 
® Built-In Matching Network for Broadband Operation _ 
@ 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR . 


| NPN SILICON RF POWER TRANSISTOR 
® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous 
Peak 
Total Device Dissipation @ Tc = 25°C.(1) 
Derate above 25°C 


STYLE 1: 
PIN 1. EMITTER 
2, COLLECTOR 
3. EMITTER 
_ 4. BASE 
FLANGE-ISOLATED 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


MOTOROLA RF DEVICE DATA: 


3-390 


MRF316 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage i Oe oe Vdc 
(Ic =50mAdc,Ig=0) | . . 
(Ic = 50 mAdc, Veg = 0) ; 
(Ic = 50 mAdc, Ie =0) . a 
Emitter-Base Breakdown Voltage . Jews eae 
(le = 5.0 mAdc, ic = 0) 
sn ae ee oe Soe 
ON CHARACTERISTICS : a 
(Ic = 4.0 Ade, Vee = 5.0 Vde)  - 


DYNAMIC CHARACTERISTICS 


NARROW BAND FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 80 W, f = 150 MHz) 


Collector Efficiency ; 
(Vcc = 28 Vde, Poys = 80 W, f = 150 MHz) 


Load Mismatch No Degradation in Power Output 
(Vcc = 28 Vdc, Poyt = 80 W CW, f = 150 MHz, 
VSWR 30:1 all phase angles) 


FIGURE 1 — 150 MHz TEST AMPLIFIER 


L1 — 0.8", #20 Wire 
L2 — 1.0", #20 Wire 


C1 — 22 pF 100 mil ATC 
C2, C3 — 24 pF 100 mil ATC 

c4,C11 — 0.8—20 pF JMC #5501 Johanson 
C5 — 200 pF 100 mil ATC . ; 

C6 — 240 pF 100 mil ATC 

C7 — Dipped Mica 1000 pF 

C8 — 0.1 uF Erie Red Cap . 
c9, C10, C12 — 30 pF 100 mil ATC = = = 


C13 — 1.0 uF Tantalum Ri—102,1/2W 
R2,R3—102,1W 


_RFC1, RFC4 — 0.15 #H Molded Coil 

Ri . RFC2, RFC3 — Ferroxcube Bead 56-590-65-38 | 
, ~ RFCS — 2.5”, #20 Wire, 1.5 Turns - 
RFC6 — Ferroxcube VK200 — 19/4B 


MOTOROLA RF DEVICE DATA 


A ANA 


MRF316 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — POWER GAIN versus FREQUENCY 


Gpe, CUMMON-EMITTER POWER GAIN (dB) 


f, FREQUENCY (MHz) 


FIGURE 5— OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
. f = 100 MHz 
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FIGURE 6— OUTPUT POWER versus SUPPLY VOLTAGE 
f = 200 MHz 
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MOTOROLA RF DEVICE DATA 


3-392 


MRF316 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


FIGURE 8 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
3-393 


MOTOROLA 
= SEMICONDUCTOR EEE 
TECHNICAL DATA MRE3I7 


i _ TheRFLine | 


100 W—30-200 MHz 

~ NPN SILICON RF POWER TRANSISTOR CONTROLLED OQ 

BROADBAND RF POWER 
TRANSISTOR 


designed primarily for wideband large signal output amplifier | | 


a 
stages in 30 —200 MHz frequency range. ! NPN SILICON | 


Output Power = 100 W 
Minimum Gain = 9 dB 


® Guaranteed Performance at 150 MHz and 28 Vde 
® Built-In Matching Network for Broadband Operation. 
® 100% Tested for Load Mismatch at All Phase Angles with 


30:1 VSWR 


@ Gold Metallization System for High Reliability 


molifier Craving 


i 
lied VSI VIS 


Guaranteed Performance in Broadband Test Fixture 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


| eee ee 
Collector Current —-Continuous Tee 
. — Peak (10 seconds ) ne aut : = 
Total Device Dissipation @ Tee 25°C (1) me! EP eae 
Derate Above 25°C . : : | 1.54 | 


Storage Temperature Range -65 to +150 | 


THERMAL CHARACTERISTICS a 


Thermal Resistance, Junction to Case - 


(1) These. devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF Amplifiers. 


Emitter-Base Voltage 


65 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


MOTOROLA RF DEVICE DATA 


3-394 


MRF317 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage | V(BR)CEO 
(I¢ = 100 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 100 mAdc, Vge = 0)’ . | 


Collector-Base Breakdown Voitage ViBR)CBO 
(I¢ = 100 mAdc, I = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 mAdc, Ic = 0) 

Collector Cutoff Current 
(Vcp = 30 Vdc, le = 0) 

ON CHARACTERISTICS 


DC Current Gain 

(I¢ = 5.0 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance . 

(Vcp = 28 Vdc, le = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (FIGURE 2) 
Common-Emitter Amplifier Power Gain _ 
(Vcc = 28 Vdc, Poyt = 100 W, f = 150 MHz’, Ic (Max) = 6.5 Adc) 


Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 100 W, f = 150 MHz , Ic (Max) 


Load Mismatch . aa No Degradation in Output Power 
(Vcc = 28 Vdc, Poyt = 
all phase angles) 


FIGURE 1 — BROADBAND (110-160 MHz) TEST FIXTURE 


6 Inches 
15.24 cm 


MOTOROLA RF DEVICE DATA 
Q.R0F 


MRF317 


FIGURE 2 — 110-160 MHz BROADBAND AMPLIFIER — TEST FIXTURE 


R2 
= RFC3 
R1¢ C5 —~ RECO RFCS CIR REFC6 


DC +28 Vde 


C1 


(—« RF Output 


RF input 

1 

TIT fT. [ T 
C1,C9 —39 pF, 100 mil ATC L1—50nH 
C2 —120 pF, 100 mil ATC L2 — 6.0 nH 
C3, C4 — 360 pF, 100 mil ATC L3 — 8.0 nH 
C5 — 1000 pF Dipped Mica L4 — 32 nH 
C6, C7 — 100 pF, 100 mil ATC* RFC1— 0.15 WH Molded Coil 
C8 — 18 pF, 100 mil ATC* RFC2, RFC3 — Ferroxcube Bead 56-590-65/3B 
C10 — 43 pF,100 mii ATC . RFC4 —~- 1 Turn, #18 Wire, 2.0" L 
C11 — 60 pF, Underwood RFCS — Ferroxcube VK200 19/4B 
C12 —0:1 uF Erie Redcap ~~ RFC6 ~ 7 Turns, #18 Wire, 0.3". ID 
C13 — 1000 pF, Underwood J102 R1— 10 02 1/2 W 

R2,R3—-1021W 
fc 7 oO '  *Combination of C6, C7, C8 equals 220 pF. 
FIGURE 3 — POWER GAIN versus FREQUENCY FIGURE 4 — SERIES EQUIVALENT 

BROADBAND TEST FIXTURE INPUT-OUTPUT IMPEDANCE 


Gpe, POWER GAIN (4B) 
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10-0 135 a 160 7, x50 MEOKNS ate 200 0.9+j1.0 | 1.1--j0. ° 


f, FREQUENCY (MHz) 


*ZoL = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 
FIGURE 6 — INPUT VSWR versus FREQUENCY 
BROADBAND TEST FIXTURE 


FIGURE 5 — EFFICIENCY versus FREQUENCY _ 
_ BROADBAND TEST FIXTURE 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA RE DEVICE DATA 
3-396 


MRF317 


TYPICAL PERFORMANCE CURVES 


a 
\ 
IN 
= 

“ 


c 
: 
KEN 
ON 

Pat 
\ 


FIGURE 7 — OUTPUT POWER versus INPUT POWER 
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FIGURE 9 — POWER OUTPUT versus SUPPLY VOLTAGE 
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FIGURE 8 — POWER GAIN versus FREQUENCY 
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FIGURE 11 — POWER OUTPUT versus SUPPLY VOLTAGE 


FIGURE 10 — POWER OUTPUT versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-397 


MOTOROLA 
y MRF321 


| The RF Line 7 | 


10 W — 400 MHz 


RF POWER | 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 
NPN SILICON 


... designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200—500 MHz frequency range. 


® Guaranteed Performance at 400 MHz and 28 Vdc _ 
Output Power = 10 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


® 100% Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 


® Gold Metallization System for High Reliability 


® Computer-Controlled Wirebonding Gives Consistent 
Input Impedance 


MAXIMUM RATINGS 
Symbol | _ Value 


STYLE 1: 
PIN 1, EMITTER 


Collector Current — Continuous lc 1.1 Adc pe BASE 
3. EMITTER 
— Peak 1.5 4. COLLECTOR 


MILLIMETERS 
oml Min” [MAX [MIN MAX 


Total Device Dissipation @ T, = 25°C (1) » eel Watts | 
Derate above 25°C : 160 mw/°c 
Storage Temperature Range | Tstg | 68 to+ 150 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


THERMAL CHARACTERISTICS . me! 
Sibel | | 
[Meet eetaneensGe) wih ae en vee 


MOTOROLA RF DEVICE DATA 


CASE 244-04 


3-398 


MRF321 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characteristic] Symbol |Win [Typ |_Max [Unit] 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage 

(Ic = 20 mAdc, VBE = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 20 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage 
(le =2.0 mAdc, Ic = 0) 


FUNCTIONAL TESTS (FIGURE 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Poyt = 10 W, f = 400 MHz) 
Collector Efficiency 

(Vcc = 28 Vdc, Pout = 10 W, f = 400 MHz) 
Load Mismatch 


(Voc = 28 Vdc, Pout = 10, f = 400 MHz, VSWR = 30:1 
all phase angles) 


R2 R3 


a “I “ “T 


Input 


On| C2 C3 


C1, C2, C3 — 1.0—20 pF Johanson Trimmer (JMC 5501) 
C3, C4 — 47 pF ATC Chip Capacitor 

C5, C10 — 0.1 uF Erie Redcap 

C7 — 0.5—10 pF Johanson Trimmer (JMC 5201) 

C8 — 0.018 pF Vitramon Chip Capacitor 

c9 — 200 pF UNELCO Capacitor 

C11, C12 — 680 pF Feedthru 

C13 — 1 uF, 50 Volt Tantalum Capacitor 


R1— 5.1 2, 1/4 Watt 
R2 — 120 22, 1 Watt 

R3 — 20 2, 1/2 Watt 
R4 — 47 2, 1/2 Watt 


MOTOROLA RF DEVICE DATA 


r 


ViBR)CES 


V(BR)EBO 


ICBO 


No Degradation in Output Power 


L4 

© C) © © O + 
: + 28 V 

C10 C11 C12 C13 os 

ea RF 
Sr 
TUT* L2 
C6 C7 


C5 
an 
L1 — 0.33 WH Molded Choke with Ferroxcube Bead 
(Ferroxcube 56-590-65/4B) on Ground End of Coil 
L2 — 4 Turns #20 Enamel, 1/8’’ ID 
L3 — 6 Turns #20 Enamel, 1/4” [D 
L4 — Ferroxcube VK200-19/48 


Z1 — Microstrip 0.1” Wx 1.35” L 
‘Z2 — Microstrip 0.1 Wx 0.55” L 
ae Microstrip 0.1” Wx 0.8” L 

24 — Microstrip 0.1% Wx 1.75” L 


D1 — 1N4001 
Board — Glass-Tefion, €p= 2.56, t = 0.062"’ 
Input/Output Connectors — Type N 


*Transistor Under Test 


3-399 


MRF321 


FIGURE 2 — OUTPUT POWER versus FREQUENCY - FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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Pout, OUTPUT POWER (WATTS) 


Gpe, COMMON EMITTER AMPLIFIER 
POWER GAIN (dB) 
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MOTOROLA RF DEVICE DATA 
3-400 


MRF321 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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a -, -. - *Zo_ = Conjugate of the optimum load impedance into which t 
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utput operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
3-401 


MOTOROLA 
= SEMICONDUCTOR xy | 
TECHNICAL DATA i MRF322 


20 W — 400 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal driver and predriver NPN SILICON 


amplifier stages in the 200-500 MHz frequency range. 


@ Guaranteed Performance at 400 MHz and 28 V 
Output Power = 20 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% | ; | 
@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR . : 
@ Gold Metallization System for High Reliability 


® Computer-Controlled Wirebonding Gives Consistent Input 
Impedance 


MAXIMUM RATINGS 


23 


Collector Current — Continuous Ie 
— Peak 


Total Device Dissipation @Tc = 25°C (1) 


Derate above 25°C 
Storage Temperature Range 


STYLE 1: 
PIN 1. EMITTER 
2. BASE ~ 
3. EMITTER 


Th ic j RE ion. The total device dissipation rating applies: 
(1) These devices are designed for operation e total device dissipation r g app 4. COLLECTOR 


only when the devices are operated as RF amplifiers. 


THERMAL CHARACTERISTICS - = 
Ea 2 5 eee ae er ed 
2 | 


CASE 244-04 


~MOTOROLA RF DEVICE DATA 


3-402 


MRF323 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
' (Ie = 20 mAdc, Ig = 0) 
| Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Vge = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 20 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 2.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 30 Vde, Ie = 0) 


ON CHARACTERISTICS 


| DC Current Gain - 


V(BR)CEO 


yee 


(Ic = 1.0 Adc, Vege = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance | 
(Vop = 28 Vde, IE =0,f=1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 20 W, f = 400 MHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 20 W, f = 400 MHz) 


Load Mismatch 
(Voc = 28 V, Pout = 20 W, f = 400 MHz, 
VSWR = 30:1 all phase angles) 


C1, C2, C6 — 4.0-20 pF Johanson Trimmer (JMC 5501) 


C3, C4 — 47 pF ATC Chip Capacitor 
C5, C8 — 0.1 UF Erie Redcap 


C7 — 0.5-10 pF Johanson Trimmer (JMC 5201) 


c9, C10 — 680 pF Feedthru 
C11— 1.0 uF 50 Volt Tantalum 


No Degradation in Output Power 


FIGURE 1 — 400 MHz TEST CIRCUIT 


co. C10: ‘a ee 


RF Output . 


TUT* 


L2 —6 Turns #20 Enamel, %"’ LD, Closewound. 
_.L3 —4 Turns #20 Enamel, 1/8” 1D) Closewound 
_L4 — Ferroxcube VK200 — 19/4B 
Z1 — Microstrip 0.1"°Wx 1.35" L 
Z2 — Microstrip 0.17 W x 0.55’. L 
23 — Microstrip 0.17 W x 0.8" L 


C12 — 0.018 uF Vitramon Chip Capacitor 

R1.—5.1 Q 1/4 Watt 

L1.— 0.33 WH Molded Choke with Ferroxcube Bead 
(Ferroxcube 56-590-65/4B) on Ground End 


24 — Microstrip 0.7" Wx 1.75" L 

Board — Glass Teflon GR = 2.56 t= 0.062” 

Input/Output Connectors — Type N 
*Transistor Under Test 


: MOTOROLA RF DEVICE DATA 
3-403 | 


SWee be Ww ia td 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-404 


MRF323 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE . | 
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— *ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. | 


MOTOROLA RF DEVICE DATA 
3-405 


MOTOROLA 
s SEMICONDUCTOR ss | 
TECHNICAL DATA — | MRE 325 


The > RE Line 


30 W — 225-400 MHz | 
~ CONTROLLED “‘Q” 


BROADBAND RF POWER. 
~ TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


aaaliiee sages in the 100- 500 MHz frequency. range. NPN SILICON 
© Specified 28 Volt, 400 MHz Gilaracterietics ~ 
Output Power = 30 Watts 
Minimum Gain = 8.5 dB 
' Efficiency = 54% (Min) 
® Built-In Matching Network for Broadband Operation | 
Using Internal Matching Techniques 


@ 100% Tested for eos Mismatch at all Phase Angles with 30:1 
VSWR 


® Gold Metallization for High Reliability Applications 


| naAMINM RATINGS 


ing 
Collector-Base Voltage rove er. Vdc 
Emitter-Base Voltage Nis | Vepo | 40 ~~ | Vde 


Collector Current — Continuous lc | 34. 
hae ea 
Total Device Dissipation @ Tc = 25°C (1) 82. Ais 


Storage Temperatu re Range 


~ STYLE 1: - 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


THERMAL CHARACTERISTICS 


Characteristic . Symbol | = Max =] unit | 
Thermal Resistance, Junction to Case 2.13 | ecw | 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


MOTOROLA RF DEVICE DATA 


3-406 


MRF325 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Voltage - . 
(I¢ = 30 mAdc, Ip = 0) © 
(I¢ = 30 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage | _ , 
(le = 3.0 mAdc, Ic = 0) | 

Collector-Base Breakdown Voltage 
(Ico = 30 mAdc, Ip = 0) - 7 


Collector Cutoff Current 
(Veg = 30 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.5 Ade, VcgE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vde, tee 0,f= 1 a8) MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 30 W, f = 400 MHz) 
Collector Efficiency 
(Voc = 28 Vdc, Pout = 30 W, f = 400 MHz) 
Load Mismatch . 
(Vcc = 28 Vde, Pout = 30 W, : No Degradation in Output Power 
f = 400 MHz, VSWR = 30:1 ail angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


O+ Vec 
+ 28 Vdc 
C10 : ~ 
~ 44 ~ 2 
TUT* RF 
RE , C2 Output 
Input | 22 + | 
C1 c3 il =“ 
C1, C9 — 1.0—10 pF Johanson Capacitor (JMC 5201) L2 — 14 Turns, #22 AWG Enameled, Closewound on a 470 2, | 
C2, C3, C6, C7 — 1.0—20 pF Johanson Capacitor (JMC 5501) 2 Watt Resistor with Ferroxcube Bead (#56-590-65/4B) 
C4, C5 — 36 pF ATC 100-mil Chip Capacitor . on Cold End of L2 
C8 — 100 pF UNELCO L3 — Ferroxcube VK200-19/4B Ferrite Choke 
C10, C13 — 1.0 uF 50 V Tantalum - 21 — Microstrip 0.19” W x 0.88" L 
C11, C14 — 680 pF Feedthru , , Z2 — Microstrip 0.28" Wx 1.0 Lb 
C12 —0.1 MF Erie Redcap 23 — Microstrip 0.31" Wx 1.25” L 
L1 — 8 Turns #26 AWG Enameled, 1/16” 1D Closewound Board — Glass Teflon CR = 2.56, t = 0.062” 
with Ferroxcube Bead (#56-590-65/4B) on Ground End Input/Output Connectors — Type N 


TUT Socket Lead Frame Etched from 80-mil-Thick Copper 
*Transistor Under Test 


| MOTOROLA RF DEVICE DATA | 
3-407 


MRF325 


FIGURE 2 — OUTPUT POWER versus INPUT POWER. 
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FIGURE 3 —~ OUTPUT POWER versus 
SUPPLY VOLTAGE — 225 MHz 


_ FIGURE 4 — OUTPUT POWER versus 


SUPPLY VOLTAGE — 400 MHz 
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MOTOROLA RF DEVICE DATA 


3-408 


MRF325 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
3-409 


MOTOROLA 
TECHNICAL DATA | - MRF32 6 


40 W — 225—400 MHz 


| CONTROLLED “Q” 
NPN SILICON RF POWER TRANSISTOR BROADBAND RF POWER - 
| _— TRANSISTOR 
. designed primariiy Tor wideband jarge-signai outpui amplitier 


stages in the 100-500 MHz frequency range. NPN SILICON 


@ Guaranteed Performance @ 400 MHz, 28 Vdc 


| Output Power = 40 Watts 
Minimum Gain =9.0 dB 


@ Built-In Matching Network for Broadband Operation 


®@ 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 
@ Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS _ . | 


ee aT 
Collector-Emitter Voltage VCEO aa 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ Tc = 25°C (1) 
Re, 
3. EMITTER 
gee 
Ee Charest = ome ee | 
=e 


Thermal Resistance, Junction to Case RoJc 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


CASE 316-01 


MOTOROLA RF DEVICE DATA 


3-410 


MRF326 


Characteristics 
OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage 
(I¢ =40 mAdc, ig =0) _ 
Collector-Emitter Breakdown Voltage 
(Ic: = 40 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 
(IE = 4,0 mAdc, Ic = 0) 
Collector-Base Breakdown Voltage 
(I¢ =40 mAdc, Ip =0) 
Collector Cutoff Current 
(Vcp = 30 Vdc, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 2.0 Adc, Voge = 5.0 Vdc) 
. DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 28 Vdc, te = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Poy = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 
Coliector Efficiency Pas 
(Voc = 28 Vdc, Poyt = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 
Load Mismatch a 
(Voc = 28 Vde, Poyt = 40 W CW, f = 400 MHz, 
VSWR = 30:1 all phase angles) 


L2 
R3 


1 


C1 C2 C3 cs 


C1 — 1.0-10 pF Johanson, Capacitor (JMC 5201) 

C2, C3, C6, C8 — 1.0-20 pF Johanson Capacitor 

C4, C5 — 36 pF ATC “B”’ Style Chip Capacitor 

C7, C9, C13 — 100 pF UNELCO Capacitor 

C11 — 680 pF Feedthru 

C10 — 1.0 HF 50 V Tantalum 

C12 — 0.1 uF Erie Redcap 

L171 —8 Turns #26 AWG Enameled, 1/16’ ID Closewound 
L2, L5 — Ferroxcube VK200-19/4B Ferrite Choke 


MOTOROLA RF DEVICE DATA. 


3-411 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


No Degradation 
in Power Output 


oO 

o 
SO 
= 
_ 


: O ©) ) + 
ais L5 an ee 28 Vde 
= = Tero : 
L3 cae eran 
C7 
[24 }-4 RF Output 
L4 
C6 cs 
R2 


L3 —8 Turns #20 AWG Enameled, 1/4”’ 1D Closewound 
L4—4 Turns #26 AWG 0.1" ID 
-R1— 10 Ohm 2.0 W Carbon 

R2, R3 — 10 Ohm 1.0 W Carbon 

Z1 — Microstrip 0.19’ W x 1.28" L 

22 — Microstrip 0.28° Wx 1.0 L 

Z3 — Microstrip 0.31" W x 1.0" L 

24 — Microstrip 0.31° Wx 0.9" L 

Board — Glass Teflon €p = 2.56 t = 0.062”’ 

Input/Output Connectors — Type N UG58 A/U 


MRF326 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE . 
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FIGURE 4 —~ OUTPUT POWER versus SUPPLY VOLTAGE 
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f= 


(SLLVM) HSMOd LNdLN0 3°%q 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


3-412 


MRF326 


- FIGURE 5 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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-*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
3-413 


MOTOROLA 


= SEMICONDUCTOR mam 
TECHNICAL DATA 


aa aici ee 2 
Phe RE Line 


a 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output amplifier 
stages in the 100-500 MHz frequency range. | 


® Guaranteed Performance @ 400 MHz, 28 Vdc _ 
Output Power = 80 Watts over 225—400 MHz Band 
Minimum Gain = 7.3 dB @ 400 MHz . 

@ Built-in Matching Network for Broadband Operation Using 
Double Match Technique 

@ 100% Tested for Load Mismatch at all Phase Angles 

with 30:1 VSWR . _ 
Gold Metallization System for High Reliability Applications 


Characterized for 100—500 MHz 


Collector Current - Continuous < 
: — Peak 


mea [vm [oe 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


Thermal Resistance, Junction to Case 


MOTOROLA RF DEVICE DATA 


3-414 


MRF327 


80 W — 100-500 MHz 


CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE ?: 
PIN 7. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


CASE 316-01 | 


MRF327 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless s otherwise noted. : 


Collector-Emitter Breakdown Voltage 


OFF CHARACTERISTICS . | 
V(BR)CEO 33 Vde 
(I¢ = 80 mAdc, Ig =0) _ 
Collector- Emitter Breakdown Voltage V(BR)CES 
- (Ie =80 mAdc, Veg = 0) . 
Emitter-Base Breakdown Voltage . VieRIEBO 
(le =8.0 mAdc, Ic = 0) 
Collector-Base Breakdown Voltage . . ViBRICEO 
(Ic = 80 mAdc, Ic = 0) 2 i 
Collector Cutoff Current. 
(Vcp = 30 Vdc, lE= 0) 


ON CHARACTER ISTICS 


DYNAMIC CHARACTER ISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Veg = 28 Vac, Poyt = 80 W, f = 400 MHz) 
Collector Efficiency 

(Voc = 28 Vde, Poyt = 80 W, f = 400 MHz) 


Load Mismatch 
(Vcc = 28 V, Pout = 80 W, f = 400 MHz, VSWR 30: 1 . No Degradation in Output Power 
all phase angles) oe: 


FIGURE 1 — 400 MHz TEST CIRCUIT 


R2 
O O g bes O () : z O+ . 
L2 
C12 C13 2 28 Vdc 


La | . 
Eee ‘Rl C11 


— RF 
= | c1i0 Output 
RF : = : 
Input 
So ) . Tus _ ble | 
. C5 C6 ZKC7 mK C8 
C1 C2 (i c3 T C4 
C1, C2, C7, C8, C9 — 1.0-20 pF Piston Trimmer (Johanson vue 5501) L4 —6 Turns #20 AWG Enameled, 3/16" |D Closewound. - 
C3, C4 — 36 pF ATC 100 mil Chip Capacitor - LS —4 Turns #22 AWG Enameled, 1/8”’ ID Closewound 
CS, C6 — 43 pF ATC 100-mil Chip maPeniter ; : 21 — Microstrip 0.2". Wx 1.57 L 
C10 — 100 pF UNELCO 22 — Microstrip 0.17” Wx 1.167 L 
C11, C15 — 0.1 wr Erie Redcap. ot : ' Z3 — Microstrip 0.17’ W x 0.63" L: 
C12, Ci3 — 680 pF Feedthru , R1,R2 — 10 82 2 Watt 
C14 — 1.0 uF 50 V Tantalum Board — Glass Teflon GR = 2.56, t = 0.062” 
L1 — 4 Turns #22 AWG Enameled, 3/16" 1D Glosewouhd with Ferroxcube Input/Output Connectors Type N 
Bead (#56-590-65/4B) on Ground End of Coil T.U.T. Socket Lead Frame Etched from 80 mil Thick Copper 
L2 — Ferroxcube VK200-19/4B Ferrite Choke “Transistor Under Test — 


L3 — 7 Turns #18 AWG, 11/16” Long, Wound on a 100 kQ 2 Watt Resistor 


" MOTOROLA RF DEVICE DATA 
3-415 


MRF327 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Gpe, POWER GAIN (dB) 
Pout: OUTPUT POWER (WATTS) 


200 300 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
f = 225 MHz : f = 400 MHz 
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MOTOROLA RF DEVICE DATA 
3-416 


MRF327 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE ~ 
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*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 


o Asm? 


MOTOROLA 
a SEMICONDUCTOR Em 
TECHNICAL DATA 


MRF329 


The RF Line 


100 W ~ 100-500 MHz 


CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output and driver 
amplifier stages in the 100-500 MHz frequency range. 


@ Specified 28 Volt, 400 MHz Characteristics — 
Output Power = 100 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 50% (Min) 


® Built-In Matching Network for Broadband Operation 
Using Double Match Technique 


-@ 100% Tested for Load Mismatch at All Phase Angles 
With 3:1 VSWR © 5 


® Gold Metallization System for High Reliability 
@ Replacement for MRF328 


| MAXIMUM RATINGS 


Symbol 


Collector-Emitter Voltage VCEO 
Collector-Base Vottage 


Emitter-Base Voltage 


Collector Current — Continuous 
— Peak 


1. DIMENSIONS AND 
ARE DATUNS. . 


2. POSITIONAL TOLERANCE FOR 
evireie MOUNTING HOLES: 
PIN 1, EMITTER 
2. COLLECTOR 3. -T-_ (S SEATING PLANE. 
3. EMITTER 4. DIM “D” FOUR PLACES: 
4. BASE DIM “F” TWO PLACES, 
5. DIMENSIONING AND 
TOLERANCING PER ANS! 
14.5, 1973. 


[MILLIMETERS| INCHES | 

| MIN, | MAX’ | MIN, | MAX | 
| A_| 24.51 | 25.02] 0.965 | 0.985 | 
YB | 9.91 | 10.41 | 0.390 | 0.410 | 
[¢ | 6.73 | 7.24 | 0.285 | 0.285 | 
| O | | 5.33 | 


THERMAL CHARACTERISTICS . 


Thermal Resistance, Junction to Case (2) _ 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by infra- 
red measurement techniques. 


CASE 333-03 


MOTOROLA RF DEVICE DATA 


MRF329 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. ) 


a 


OFF CHARACTERISTICS 
Ger a es Nall se a 
(Ic = 80 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage oe a ee ee ae 
(I¢ = 80 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Pe casa ale 
Collector-Base Breakdown Voltage ee se ee 
(I¢ = 80 mAdc, IE = 0) 
jp earovemee ee 
(Vog = 30 Vde, Ie = 0) 


(te = 8.0 mAdc, Ic = 0) 
ON CHARACTERISTICS 


| DC Current Gain 
(Ic =4.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 100 W, f = 400 MHz). 


Collector Efficiency 


(Voc = 28 Vde, Poyt = 100 W, f = 400 MHz) 
Load Mismatch 7 

(Vec = 28 Vde, Poy = 100 W, 

f = 400 MHz VSWR = 3:1 all angles) 


No Degradation in Output Power 


FIGURE 1 — 400 MHz TEST CIRCUIT 


C0 

rc 

nN 
ie) 
ok 
ft 


L1 C10 


RF Output 


C1 c2 2 [e es. |cé 7ié7 |-cs cg C11 


C1, C2, C7, C9 — 1.0-20 pF Johanson (JMC 5501) 
C3, C4 — 36 pF 100 mil Chip Cap (ATC) 

C5, C6 — 50 pF 100 mil Chip Cap (ATC) 

C8 — 30 pF 100 mil Chip Cap (ATC) 

C10 — 2-150 pF 100 mil Chip Caps in Parallel (ATC) 
C11 — 1.0-10 pF Johanson (JMC 5201) 

C12, C13 — 1000 pF UNELCO Feedthru 

C14 — 0.1 uF Erie Redcap . 


L1— 0.15 wH Molded Choke with Ferrite Bead 
(Ferroxcube #56-590-65/4B) on Ground End 

L2—4 Turns #18 AWG, 1/4” ID 

L3 — Ferroxcube VK200-19/4B 


Z1 — Microstrip Line 2300 mils L X 210 mils w 
22 — Microstrip Line 2300 mils L X 280 mils W 


Board — Glass Teflon, t = 0.062’, e, = 2.56 


MOTOROLA RF DEVICE DATA. 
3-419 


MRF329 


OUTPUT POWER versus 


INPUT POWER 


FIGURE 2 — 


OUTPUT POWER versus FREQUENCY 


FIGURE 3 — 
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Pin, INPUT POWER (WATTS) 


f, FREQUENCY, (MHz) 


FIGURE 4 — OUTPUT POWER versus 


FIGURE 5 — OUTPUT POWER versus 


SUPPLY VOLTAGE 


SUPPLY VOLTAGE 


(400 MHz) 


(225 MHz) 


(SLIVM) Y3MOd Lndirio 2g 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Vec. SUPPLY VOLTAGE (VOLTS 


FIGURE 6 — POWER GAIN versus FREQUENCY 


(a) NIVS YaMOd ‘349 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


3-420 


MRF329 


FIGURE 7 — SERIES EQUIVALENT INPUT/ 
OUTPUT IMPEDANCE 
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operates at a given output power, voltage, and frequency. 


FIGURE 8 — TEST FIXTURE 


MOTOROLA RF DEVICE DATA 
3-421 


MOTORO LA 


= SEMICONDUCTOR mam 
TECHNICAL DATA 


MRF 331 


The RF Line 


10 W — 400 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


. designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 100-500 MHz frequency range. 


® Guaranteed Performance at 400 MHz and 28 Vde 
Output Power = 10 Watts 
Minimum Gain = 8 dB 
Efficiency = 55% 

@® 100% Tested for Load Mismatch at All Phase AnIES 

With 30:1 VSWR 
Broadband Version of MRF321 
Gold Metallization System for High Reliability 


Controlled Wirebonding Gives High Input Impedance 
See EB74 for Broadband Circuit Details — 


NPN SILICON RF POWER TRANSISTOR 


ee RATINGS 


Collector-Emitter Voltage B 


STYLE 1: 
PIN 1. EMITTER 
Collector Current — Continuous 2. BASE 
3. EMITTER 
— Peak a 4. COLLECTOR 


Total Device Dissipation @ Ta = 25°C (1) 
Derate above 25°C . 
Storage Temperature Range 


THERMAL CHARACTERISTICS 
| Characteristic | Symbot | Max | Unit 


Therma! Resistance, Junction to Case (2) : 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 244-04 


MOTOROLA RF DEVICE DATA 


3-422 


MRF331 


ELECTRICAL CHARACTERISTICS uc: 25°C unless otherwise noted) 


Symbol TT eT a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage con ee 
(Ic = 20 mAdc, Ip =0) | 
Bers -hrortendIMIMIED ced  Sa CEA C 
(Iq = 20 mAdc, VpeE = 0) 
ra a a MC 
Nee 20 mAdc, Ig = 0) . 
ee el 
lie 2.0 mAdc, Ic = 0) 
EEE 
(Vop = 30 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poy; = 10 W, f = 400 MHz) 
Collector Efficiency , 


(Vcc = 28 Vdc, Poyt = 10 W, f = 400 MHz) 
Load Mismatch No Degradation in Power Output 
(Vcc = 28 Vdc, Pout = 10 W, f = 400 MHz, VSWR = 30:1 
all phase angles) 


FIGURE 1 -- 400 MHz TEST CIRCUIT 


c9 C12 
O—O , O-—O Ot 
Fz ae + 28 Vdc 
i. C10 C11 | i‘ 
a RF 
23 24 
| 23) +e] 24 | Suse 
RF Deere HL TOT ua 
npu i 
C1. C2 C3: C4 — C6 C7 
R141 
C1, C2, C6 — 1:0-20 pF Johanson Trimmer (JMC5501) L3 — VK-200-19/4B 
C3, C4 — 50 pF Chip Capacitor L4— 4 Turns #20 Enamel, 1/8’ ID. 
Cc5,C10—0.1 ad lets facet ose ' 21 —.Mierostrip 0.1/°W X 1.357 L 
. _ nae Us ae es anson net ‘22 — Microstrip 0.1°7W X 0.55” L 
wieecave ip: Gapacitor Z3 — Microstrip 0.177 W X 0.8" L 


C9, C12 — 680 pF Feedthru 
C11 — 1.0 uF 50. V Tantalum 


R1— 5.1 Q 1/4 Watt 


24 — Microstrip 0.1/°W X 1.757 

Board — Glass Teflon e, = 2.56, t = 0.062” 
L1, L2 — 0.15 LH Molded Choke with Ferrite Bead INPULPOUIPUSCONNeEtOrs = LYS 
(Ferroxcube 56-590-65/4B) 


*Transistor Under Test 


MOTOROLA RF DEVICE DATA 
3-423. 


MRF331 


| 26 FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


| Poue= 10 W 
Vec=28V 


as 
I 


a2) 
Ss 
= 
<x 
(as) 
oc 
uw 
Ss 
oO 
a. 


Wy 
Mesias: 


AA 


0 400 g00=—tt«éd:200 1600 2000 
| f, FREQUENCY (MHz) Lt 3 Pi, INPUT POWER (mW) 


Pout. OUTPUT POWER (WATTS) 


12 


Pout, GUTPUT POWER (WATTS) 


MOTOROLA RF DEVICE DATA 
3-424 


MRF331 


| FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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| MOTOROLA RF DEVICE DATA 
3-425 


MOTOROLA s | 
= SEMICONDUCPOR 
TECHNICAL DATA | a MRF338 


80 W — 400-512 MHz 


CONTROLLED 0” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


_.. designed primarily for wideband large-signal output and driver 
amplifier stages in the 400-512 MHz frequency range. . 


® Specified 28 Volt, 470 MHz Characteristics — 
Output Power = 80 Watts e Se 
Minimum Gain = 7.3 dB 
Efficiency = 50% (Min) . 
@ Built-In Matching Network for Broadband Operation: 


® 100% Tested for Load Mismatch at All Phase Angles Wit 
30:1 VSWR 


® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 
Rating 


| Collector-Emitter Voltage 


Collector-Base Voltage - +e 
Emitter-Base Voltage : 


Collector Current — Continuous ) 
- — Peak 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 
| Storage Temperature Range 


NOTES: . 

1, DIMENSIONS AND 
ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR STYLE 1: 
MOUNTING HOLES: PIN 1. EMITTER 


[|e 0.13(0.005)@|T AM ]B@| 2. COLLECTOR 
3. -T- IS SEATING PLANE. 3. EMITTER 
4. DIM “D’” FOUR PLACES; 4. BASE 
DIM “F” TWO PLACES. 
5. DIMENSIONING AND 
TOLERANCING PER ANSI 
14.5, 1973. 


THERMAL CHARACTERISTICS 


[INCHES | 
| A | 24.51 | 25.02| 0.965 | 0.985 | 
"Characteristic i 
| Characteristic |S AL 2S) | 2602) 096s | ope 
| Thermal Resistance, Junction to Case (2) Resc | c¢ | 6.73 | 7.24 | 0.265 | 0.285 | 
)b | 4.83 | 5.33 | 0.190 | 


(1) These devices are designed for RF operation. The total device dissipation rating applies only PE | 242 | 292 | 0.095 | 
; F {5.47 | 5.96 | 0.215 | 0.236 | 


when the devices are operated as’RF amplifiers. _ eT az ast TT 
(2) Therma! Resistance is determined under specified RF operating conditions by infrared gaa | 0.156 | 0.175 


measurement techniques. rd | 0.10 | 0.15 | 0.004 | 0.006 | 
Pk | 4.95 | 5.21 | 0.195 | 0.206 | 


CASE 333-02 


MOTOROLA RF DEVICE DATA 


3-426 


- MRF338 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 80 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 80 mAdc, VpE = O) 


Emitter-Base Breakdown Voltage 


(IE = 8.0 mAdc, I¢ = 0) 


Collector-Base Breakdown Voltage 
(Ic = 80 mAdc, IE =0) . 


Collector Cutoff Current 
(Vcg = 30 Vdc, le = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 4.0 Adc, Veg = 5.0 Vdc) - 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 80 W, f= 470 MHz) 


Collector Efficiency: 


(Vcc = 28 Vde, Poyt = 80 W, f= 470 MHz) 


Load Mismatch _ 
(Vcc = 28 Vdc, Pout = 80 W, 
f= 470 MHz, VSWR = 30:1 all angles) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


RFD 
Input 


C1, C2, C8, C9 — 0.8-20 pF Johanson (JMC 5501) 
C3, C4, C6, C7 —. 25 pF Underwood 100 V 

C5, C10 — 100 pF Underwood 100 V 

C11, C13 — 0.1 uF Erie Redcap 

C12, C14 — 680 pF Feedthru 

C15 — 1.0 uF Tantalum 

Li — 0.15 wH Molded Choke 

L2 — 5 Turns #20 AWG, 0.185” ID, Close Wound. 
L3 — 3 Turns #18 AWG, 0.185” ID, Close Wound 
L4 — 4 Turns #18 AWG, 0.185” ID, Close Wound 


~ AN? 


RFC1 - ae 


C10 


y RF 
¥ < output 


RFC1 — Ferroxcube VK200 19/4B 
Bead — Ferroxcube #56-590-65/3B 
R1,R2— 100 2.0 Watt Carbon 

21 — Microstrip Line 0.190” W x 2.5” L 


_ Z2 — Microstrip Line 0.190” W x 0.289” L 


23 — Microstrip Line 0.190” W x 0.55” L 
24 — Microstrip Line 0.190” W x 0.325”. L 
Board — Glass Tefion, er = 2.56, t = 0.062” 


MOTOROLA RF DEVICE DATA 


MRF338 


FIGURE 2 — POWER OUTPUT versus POWER INPUT 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Vcc. SUPPLY VOLTAGE (VOLTS) . 


Pin. INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus FREQUENCY 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


3-428 


MRF338 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


0.91+)261 | 1.19+]1.34 
1.47+j2.71 | 1.33 + {0.96 

ie . et ae cI x 
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1.27 + j3.09 1.7 + j0.25 A “ZoL = Conjugate of the optimum load impedance Se 
0.86 + j3.01 2.58 - j0.79 ATE into which the device output operates at a te) 

: : : given output power, voltage and frequency. 
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FIGURE. 7 — TEST FIXTURE 


‘MOTOROLA RF. DEVICE DATA 
3-429 


MOTOROLA 
a SEMICONDUCTOR @ 
TECHNICAL DATA | 


MRF340 


8W 100-150 MHz 


RF POWER TRANSISTOR 


POWER TRANSISTOR ~  & 
a , 7 | 7 NPN SILICON . 

... designed primarily for use in VHF amplifiers with amplitude = Se 
modulation and other communications equipment operating to. 
150 MHz. © , Re Pee 8 ; - 
© Low Cost Common Emitter TO-220 Package 
@ Specified 27 V, 136. MHz Performance: __ 

Output Power = 8.0 W 

Power Gain = 13 dB Min 

Efficiency = 50% Min | 
@ 20:1 VSWR Load Mismatch Capability at Rated Output 

Power and Supply Voltage | 
® Other Devices in the Series: 


MRF342 24W 
MRF344 60W 


MAXIMUM RATINGS aa od 
TS CRating ——«dYSSymbt_| 


Collector-Current — Continuous le 


, SECT A- 
J Ss A 


Peak 


Total Device Dissipation — Tc = 25°C (1). . 15 EN Palle 
Derate above 25°C pf 86 - 
Storage Temperature Range Sw ~65 to +150 ee a | 


PIN 1. BASE. . 

~~ 2, EMITTER 
3. COLLECTOR 
4. EMITTER 


1.. These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
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CASE 221A-02 


MOTOROLA RF DEVICE DATA 


3-430 


MRF340 


ELECTRICAL CHARACTERISTICS (To= 25°C unless otherwise noted) 


came eae oe 
OFF CHARACTERISTICS : 


a 

(Ic = 20 mAdc, Ip = O) . 

Collector-Emitter Breakdown Voltage ad ae ee ee 
(I¢ = 20 mAdc, VgeE=0) © i ee Me bie «2 Bee ara 
(I¢ = 20 mAdc, Ip. = 0) - - . : 

bacon 9 ia SY Ke ck 


Characteristic 


Emitter-Base Breakdown Voltage 
(le = 2.0 mAdc; Ic = 0) 
Collector Cutoff Current 
(VcoE = 27 Vde, VgeE = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 100 mAdc, Vep = 5.0 Vac) 
DYNAMIC CHARACTERISTICS 
Output Capacitance. ; 
(VoB = 27 Vdc, le = 0,f = 1.0 MHz) 
FUNCTIONAL TESTS . 
Common-Emitter Amplifier Power Gain 
(Voc = 13.5 Vde,; Poyt = 2.0 W, f = 136 MHz) . 
Common Emitter Amplifier Power Gain 
(Vcc =.27 Vdc, Poyt = 8.0 W, f = 136 MHz) 


Collector Efficiency 
(Voc = 27 Ve, Pout = 8.0 W, f = 136 MHz) 


Load Mismatch | | No Degradation in Power Output 
(Vcc = 27 Vdc, Pout = 8.0 W (peak), f= 136 1 MHz. ; 
Drive modulated with 1.0 kHz square wave, 50% 
duty cycle. Load VSWR 2 20:1, all phase angles) 


FIGURE 1 — 136 MHz TEST CIRCUIT 


L7 
e e O + 
27 V 
c10 oe 
sa 
= 15 L6 = = = 
, #4 L2 c9 ae 
Ct L1 (—e 
RF ; L3 Output 
Input |: L4 
. C7 
~ C2 C3 
cs 
= T] 2 ae 
C1 — Arco 404 8-60 pF L1—3 Turns #18 AWG, 1/8” 1D 
C2, C5 — 40 pF UNELCO L2, L3 — 4 Turns #18 AWG, 1/8” ID 
- C3 — 80 pF UNELCO L4 — 0.33 WH Molded Choke 

C4,C11—0.1 mF Erie Redcap LS — 0.15 wH Molded Choke with Ferrite Bead 

C6 — 25 pF UNELCO - - L6 — 0.47 WH Molded Choke with Ferrite Bead 

C7 — 5.0 pF UNELCO . o & .L7 — VK-200-19/4B 


C8 — Arco 403 3-35 pF 
C9 — 510 pF Dipped Mica 
C10 — 680 pF Feedthru 


Ri — 100 82, 1.0 Watt 


_ MOTOROLA RF DEVICE DATA 
3-431 


MRF340 


Gpg, POWER GAIN (cB! 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY - FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
: (f = 136 MHz) 
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. | ‘ . Circuit Tuned for Poyy = 8.0 Watts at Veg = 27 Valts 
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — OUTPUT POWER versus INPUT POWER 


(Voc = 27 V) . . — (Veg = 13.5 V)- oo 


a 
ke 

coed 

< 

S 

oc 

Lid 

= 

fom) 

a 

| 

Pe) 

Qa, 

i 

=> 

fa) 

2 

2.0 a. 

0 0 = oe 
0 100 200 300 400 500 0 100 200 300 400 
“P., INPUT POWER (mW) P;,, INPUT POWER (mW) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Vec=27V Poyt= 8.0 W 


f 


100 =| «=3.40-j1.70 | 42.6 - j31.8 

4.00 - j0.57 | 39.2 - j26.4 

3.95 + j0.66 | 38.3 - j17.0 

*Zo_= Conjugate of the optimum load 
_impedance into which the device 

_ operates at a given output power, 
voltage, and frequency. 


MOTOROLA RF. DEVICE DATA 
3-432 


MRF340 


- FIGURE 7 — 136 MHz TEST-AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 136 MHz TEST CIRCUIT 


VHF UNIVERSAL CIRCUIT 


MOTOROLA RF DEVICE DATA 
3-433 


MOTOROLA 
SEMICONDUCTOR mm 
TECHNICAL DATA 


60W 100-150 MHz 


RF POWER TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


; NPN SILICON 

. designed primarily for use in VHF amplifiers with amplitude 
modulation and other . communications equipment operating to 
150 MHz. 


@ Low Cost Common Emitter TO-220 Package 


Specified.27 V, 136 MHz Performance: 
Output Power = 60 W 
Power Gain = 6.0 dB Min 
Efficiency = 50% Min 


20:1 VSWR Load Mismatch Capability at Rated Peak Output 
Power and Supply Voltage 


@ 


Other Devices in the Series: 
MRF340 8W 
MRF342 24W 


MAXIMUM RATINGS 


Collector-Current — Continuous , 
' Peak 
er ° 


Vdc 
Vdc 
Vdc 
Adc 
°C 


“STYLE 2: 
PIN 1. BASE 


Total Device Dissipation — To= 25°C (1) Watts 
Derate above 25°C mw/°c 
2. EMITTER 


THERMAL CHARACTERISTICS - oo 3, COLLECTOR 
4. EMITTER 


1. These devices are designed for RF operation. The total device dissipation rating applies 15.11 | 16.75 
only when the devices are operated as RF amplifiers. 9.65 | 10.29 


CASE 221A-02 


MOTOROLA RF DEVICE DATA 


3-434 


MRF344 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS a 
Collector-Emitter Breakdown-Voltage . jwericco J 9 PP fe 
(Ic = 50 mAdc, Ig = 0} . 
Collector-Emitter Breakdown Voltage i V(BR)CES ae ~ Vdc 
(Ic = 50 mAdc, Vee = 0) . | 
ig tsometere me 
(Ic = 50 mAdc, Ig = 0) . . 
_ Ug = 5.0mAdc, Ic = 0) 7 
pe 


Collector Cutoff Current 
80 


(VcE = 27 Vdc, Veg = 0) 
a ON CHARACTERISTICS 
{DC Current Gain , 
(I¢ = 2.0 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Veg = 27 Vdc, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 13.5 Vde, Pout = 15 W, f = 136 MHz] 
Common Emitter Amplifier Power Gain 
(Voc = 27 Vde, Pout = 60 W, f = 136 MHz) 


Collector Efficiency 


a ne 


(Vec = 27 Vde, Poyt = 60 W, f = 136. MHz) 
Load Mismatch ; No Degradation in Power Output 
(Vcc = 27 Vdc, Poyt = 60 W (peak), f = 136 MHz. 
Drive modulated with 1.0 kHz square wave, 50% 
duty cycle. Load VSWR ~ 20:1, all phase angles) 


FIGURE 1 — 136 MHz TEST CIRCUIT 


L6 


L1 L2 
RF Input 
. i 
T T T° 
C1, C2 — 10 pF UNELCO oo L1 — 3/4" of #20 AWG 
C3, C8 — 25 pF UNELCO “-L2 — 1/2" of #20 AWG 
C4, C5, C7 — 100 pF UNELCO L3 — 2 Turns, 1/8” ID #20 AWG 
C6, C11 — 0.1 uF Erie Redcap L4 — Copper Strap 15 mil Thick 
C9 — 1000 pF UNELCO _ 3/16" X 1/2” L 
C10 — 1000 pF UNELCO Feedthru. L5 — 2 Turns #20 AWG 1/4” ID 
C12 — 1.0 MF 50 V Tantalum L6 — Ferrite Bead on Lead of L.7 


C13 — 200 pF UNELCO 7, L8-— 0.15 wH Molded Choke 
LO — VK-200-19/4B | 


Input/Output Connectors. Type N 


MOTOROLA RF DEVICE DATA 
3-435 


MRF344 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
(f = 136 MHz) 


1. Circuit Tuned for Poy; = 60 Watts at Voc = 27 Volts 


a 2 8° 2. Circuit Tuned for Pout = 46 Watts at Veg = 27 Volts 
= <x 
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ee ae eee 
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0 | | ete, el ee 
3.0 50 70 90 11 13 18 17 19 21 23 25 27 29 31 
Vee, SUPPLY VOLTAGE (VOLTS) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER : FIGURE 5 — OUTPUT POWER versus INPUT POWER 
(Vcc = 27 V) | (Voc = 13.5 V) 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Vec=27V Pout = 60W 
f 


uA 20i7 Olms 


Pro [iaarpa | 40-76 | 
rio | 2+ | | 
*ZOL = Conjugate of the optimum load 
impedance into which the device 
Operates at a given output power 
voltage, and frequency. 


MOTOROLA RF DEVICE DATA 
3-436 


MRF344 


FIGURE 7 — 136 MHz TEST AMPLIFIER 


RF Output 


RF input 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 136 MHz TEST CIRCUIT 


Test Circuit MRF344 


RF ftnput RF Output 


RE eR a ne re oo 
MOTOROLA RF DEVICE DATA 
3-437 


MOTOROLA 


ms SEMICONDUCTOR & 
TECHNICAL DATA 


MRF390 


rand 
a. 
x sd 
| aa | 
_ 
op 
(iD 


RF Power Transistor 


60 WATTS, 30-500 MHz 


. designed primarily for wideband large-signal output and driver amplifier stages CONTROLLED “Q”’ 
in 1 the 30-500 MHz frequency range. | BROADBAND PUGH-PULL 
© Specified 28 Voii, 400 MHz Characteristics — a AF POWER TRANSISTOR 


Output Power = 60 Watts . _ NPN SILICON 
‘Typical Gain = 9.5 dB | . 
Efficiency = 55% (Typ) noe 
® Built-In input Impedance Matching Networks for Broadband Operation 
@ Push-Pull Configuration Reduces Even Numbered Harmonics 
® Gold Metallization System for High Reliability 
@ 100% Tested for Load Mismatch | 


CASE 744-02 


The MRF390 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation in a 
push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS | 


Emitter-Base Voltage _ 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


140 Watts | 
0.80 WC 


Storage Temperature Range 
Junction Temperature 
THERMAL CHARACTERISTICS 


oe ‘Characteristic ; | Symbol S=— 
Thermal Resistance, Junction to Case ReJc | 125 | 


(1) These devices are designed for RF operation. The total dissipation rating applies only when the devices are operated as RF push-pull amplifiers. 


MOTOROLA RF DEVICE DATA 


3-438 


MRF390 


~ ELECTRICAL CHARACTERISTICS Te = = 25°C: unless otherwise noted.) - 


Gharactorietie 


OFF CHARACTERISTICS (NOTE 1) 


Collector-Emitter Breakdown Voltage 
(I¢ = 30 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 30 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
_ (lg = 3 mAdc, I¢ = 0) 


Collector Cutoff Current 
(VcB =.30 Vde, lE = Q) 


ON CHARACTERISTICS iNOTE 1) 


‘Dc Current Gain . ac 
(lc = 1 Adc, Vce = 5 Vdc) 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance _ 
(VcB = 28 Vdc, IE = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


~Common-Emitter Amplifier Power Gain 


V(BR)EBO 


(Voc = 28 Vdc, Pout = 60 W, f = 400 MHz) 


Collector Efficiency 
~(Vec = 28 Vde, Pout = = W, f 


Load Mismatch 
(Vcc = 28 Vdc, Pout = 60 W, f 
VSWR = 30:1, all phase angles) 


NOTES: 
1. Each transistor chip measured separately. 


400 MHz 


2. Both transistor chips operating in push-pull amplifier. — 


400 MHz) 


= FERRITE a 
ee a BEAD i 
COAXIAL CABLE, 90 MIL OD ; 
13: aa Q, SEMI-RIGID 
L1 D.U.T. COAXIAL CABLE, 
. ae a 90 MIL OD 
| CRF 
C3 C4 | OUTPUT 
: | 
boas ] 
L2 


& 
i 


C1, C2 — 240 pF, 100 Mil Chip 

C3 — 12 pF, 100 Mil Chip 

C5 — 20 pF, 100 Mil Chip 

C4, C6 — 18 pF, 100 Mil Chip 

C7, C8 — 270 pF, 100 Mil Chip 
C9, C10, C11, C12 — 470 pF, 100 Mil Chip 
C13, C14 — 680 pF Feedthru Capacitor — 
C15, C16, C19 — 0.1 «F Disc Ceramic 

C17, C18 — 1 uF, 50 V Tantalum Capacitor 
R1, R2 — 910 kX, 2W Carbon Res.  — 


FERRITE 
BEAD 


C16 


at 


C10 


C14 
Ci2t T | 
eae a 


il 


Figure 1: 400 MHz Test Circuit 


L1, L2 — 10 BH RF Choke With: Ferrite Bead. 
L3, L4 — 5 Turns #20 AWG, 1/4” ID 
L5, L6é — 15 Turns #18 AWG Enameled, 0. 35” ID Closewound Around 
Ri, R2 Respectively 
Z1 — Microstrip Line 850 Mils L x 130 Mils W — . 
22, Z3 — Microstrip Line 250 Mils L x 130 Mils W 
-Z4 — ‘Microstrip Line 830 Mils L x 130 Mils W 


Board Material — 0.0625” Teflon Fiberglass er = 2.5 + 0.05, 
1 oz. cu. clad, Double Sided 


MOTOROLA RF DEVICE DATA 


9 AND 


MRF390 


Pout: QUPUT POWER (WATTS) 


an 


Pin, (NPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power/Frequency 


Pout, OUTPUT POWER (WATTS) 


0 
10 14 18. ya ; 26 30 
Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 4, Outnout Power versus Supply 


Voltage — 225 MHz 
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7 GIVEN OUTPUT POWER, VOLTAGE AND FREQUENCY. 
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Figure 3. Output Power versus Input Power/Frequency 
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Pout, OUTPUT POWER (WATTS) 


10 14 18 22 26 30 
Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 5. Output Power versus Suppiy 


Voltage — 400 MHz 


WAVEL 
0.9) ~ENGT. 


zn 


ae 
wh 


4, f te c~ Oe 
v@500 MHz: ° 
Vie a "SY > 

Peers 2 Op & 


men X, 


“hig ee Vee = 28V Pour = 60 W 


e ee ax 
oe 
ae 
KOS 
a 


ina eae Zin ZoL* 
oe | MHz | OHMS | we 
| 100 | 0.576 + j0.436 | 16.1 —j15.8 

“Ps | 225 [1.244371 | 12.95—-j8.8 

<| 400 |7.76+j4.14 | 10.6 —j4.0 

450 |2.28+j3.16  /9.2—j2.0 
~S€- | 500 |1.45+)j5.1 | 7.38 + §0.33 | 


aan Le CoA: Viele 
SOO Oe ats 4. | 
~ oe POR ; an \ 2. oe i ‘ 
*ZoL = CONJUGATE OF THE OPTIMUM LOAD IMPEDANCE = 
s. _ INTO WHICH THE DEVICE OUTPUT OPERATES AT A 


c 


Figure 6. Series Equivalent Input/Output Impedances 


3-440 


MOTOROLA RF DEVICE DATA 


MRF390 


ee VIRF3SO CO W 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 7. 400 MHz Test Circuit and Photomaster 


OUTLINE DIMENSIONS 


STYLE 1: 

PIN 1. EMITTER (COMMON) 
. COLLECTOR 
. COLLECTOR 
. EMITTER (COMMON) 
. EMITTER (COMMON) 
. BASE 
. BASE 
. EMITTER (COMMON) 


NOTES: 
1. DIMENSION Q 1S DATUM. 
2. POSITIONAL TOLERANCE FOR S: 


[ $16 0.18(0.007) @ [T] a @) | 

3. IDENTIFICATION NOTCH: 
1.0 mm (0.04) MIN X 459, 

4. [-T-JIS SEATING PLANE. 

5. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. ; 


CASE 744-02 


oO 


MOTOROLA RF DEVICE DATA 


2-441 


MOTOROLA © 
=a SEMICONDUCTOR mum 
TECHNICAL DATA 


The RFLine ; ees : 
NPN Silicon Push-Pull 
RF Power Transistor 


125 WATTS, 30-500 MHz 
CONTROLLED “Q” 
BROADBAND PUSH-PULL 
RF POWER TRANSISTOR | 
NPN SILICON 


... designed primarily for wideband large-signal output and driver amplifier stages 
in the 30-500 MHz frequency range. | go a 
@ Snecified 28 Volt, 400 MHz Characteristics — | 7 
Output Power = 125W. 
Typical Gain = 10 dB oe 
Efficiency = 55% (Typ) sas se he i West ircsade wae ng 
® Built-In Input Impedance Matching Networks for Broadband Operation: 
® Push-Pull Configuration Reduces Even Numbered Harmonics — 
® Gold Metallization System for High Reliability : 
@ 100% Tested for Load Mismatch. . 


CASE 744A-01 


The MRF392 is two transistors in a single package with separate base and collector ieads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation in a 
push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous —_i. | Adc 


Total Device Dissipation @ Tc = 25°C (1) 


Derate above 25°C 


THERMAL CHARACTERISTICS : ae | | 7 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF push-pull - 
amplifiers. wo Shs S 5A ; 


~-MOTOROLA RF DEVICE DATA 


3-442 


MRF3S2 


ELECTRICAL CHARACTERISTICS (To = = 25°C unless otherwise noted. q 


- Characteristic 
OFF CHARACTERISTICS (NOTE 1) 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES — 
(I¢ = 50 mAdc, VBE = 0) a eer 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 5 mAdc, Ic = 0) a, 
Collector Cutoff Current | | CBO 
(VcB = 30 Vdc, Ip = 0) | 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain . 
(l¢ = 1 Ade, VCE = 5 Vdc) 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance 
(VcB = 28 Vdc, le = 0, f = 1 MHz) 


FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 125 W, f = 400 MHz) 


Load Mismatch ; | : 
(Vcc = 28 Vde, Pout = 125 W, f = 400 MHz © No Degradation in Output Power 
VSWR .= 30:1, all phase angles) ea ae 

NOTES: 


1. Each transistor chip "a aurea separately. 
2. Both transistor chips operating in push-pull amplifier. 


‘BI 


race rats 

C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent Bi — Balun, 50 2 Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C3 — 3.6 pF, 100 Mil Chip Cap (ATC) or Equivalent B2 — Balun, 50 0 Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C4, C8 — 8.2 pF, 100 Mil Chip Cap (ATC) or Equivalent . ; hehe 
C5, C6 — 20 pF, 100 Mil Chip Cap (ATC) or Equivalent Z1 — Microstrip Line 270 Mil L x 125 Mil W 
C7 — 18 pF, 100 Mil Chip Cap (ATC) or Equivalent Z2 — Microstrip Line 375 Mil L x 125 Mil W 
C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent Z3 — Microstrip Line 280 Mil L x. 125 Mil W 
C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or pauivalens _  2@4— Microstrip Line.300-Mil L x 125 Mil W © 
C13, C18 — 680 pF Feedthru Z5 — Microstrip Line 350 Mil L x 125 Mil W 
C14, C19 — 0.1 uF Erie Redcap or Equivalent Z6 — Microstrip Line 365 Mil L x 125 Mil W 
C15 — 20 uF, 50 V ; 

; Board Material — 0.0625” Teflon Fiberglass e- = 2.5 + 0.05 1 0z. Cu. 
L1, L2 — 0.15 #H Molded Choke With Ferrite Bead — CLAD, Double Sided 
L3, L4 — 2-1/2 Turns #20 AWG, 0.200 ID | 
L5, L6 — 3-1/2 Turns #18 AWG, 0.200 ID. Figure 1. 400 MHz Test Fixture 


MOTOROLA RF DEVICE DATA 


R-AAR 


MIRF392 


Pout, OUTPUT POWER (WATTS) 


Pout OUTPUT POWER (WATTS) 


0 5 10 15 20 5B | , 
Pin, INPUT POWER (WATTS) : Pin, INPUT POWER (WATTS) 


Figure 3. Output Power versus Input Power 
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Figure 4. Output Power versus Supply. Figure 5. Output Power versus Supply 
Voltage — 225 MHz Voltage — 400 MHz 


ae 


ex eae Maas, Tee 
a AW E500 MHz gh. 
cee eeet eee AD 


PE Vee = 28V Pout = 125 W 
at Zin Zo." 
MHz| OHMS” | OHMS 
= — ee 
100 | 0.72+j0.44 |9.0—j6.0 
225 |0.72+j2.62 |5.2—j1.8 
400 | 3.88+j5.72 |3.6+ 0.53 
450 |3.84+j28 |3.2+j12 
500 | 1.26 +j3.01 |3.0+j2.0 


CONJUGATE OF THE OPTIMUM LOAD IMPEDANCE 
: ‘ INTO WHICH THE DEVICE OUTPUT OPERATES AT A 
mice - GIVEN OUTPUT POWER, VOLTAGE AND FREQUENCY. 


PP SG A NO ee OE 
Figure 6. Series Equivalent Input/Output Impedance 


__ | : 


MOTOROLA RF DEVICE DATA 


3-444 


MRF392 


MJB. 
~ MRF392— 


400MHZ 21585 FTF my 


NOTE: The Printed Circuit Board ‘shown is 75% of the original. 
Figure 7. Test Circuit Photomaster 


Figure 8. 400 MHz Test Circuit 


OUTLINE DIMENSIONS 


‘STYLE 1: : 

PIN 1. EMITTER (COMMON) 
. COLLECTOR 
. COLLECTOR 
. EMITTER (COMMON) 
. EMITTER (COMMON) 
. BASE 
. BASE 
. EMITTER (COMMON) 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND 


-T- 18 A DATUM SURFACE. 

2. POSITIONAL TOLERANCE FOR SLOTS: 
[8 0.76 (0.030) @[ A @[8B @ 

3. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


SEATING PLANE ~~ CASE 7444-01 


MOTOROLA RF DEVICE DATA 


2-445 


MOTOROLA — a2 
SEMICONDUCTOR Em 
TECHNICAL DATA 


MRF393 


ver T 


ransistor 


100 WATTS, 30-500 WiHz 


... designed primarily for wideband large-signal output.and driver amplifier stages CONTROLLED “Q” 
in the 30-500 MHz frequency range. : ly be pas BROADBAND PUSH-PULL 
@ Specified 28 Volt, 500 MHz Characteristics — a oo ie RF POWER TRANSISTOR | 


Output Power = 100 W | es © Foe eee | NPN SILICON 
Typical Gain = 9.5 dB (Class AB); 8.5 dB (Class C) | | 
Efficiency = 55% (Typ) ‘ . 
Built-In Input Impedance Matching Networks for Broadband Operation 
Push-Pull Configuration Reduces Even Numbered Harmonics 
Gold Metallization System for High Reliability 
100% Tested for Load Mismatch 


CASE 744A-01 


The MRF393 is two transistors in a single package with separate base and collector leads arid emitters 
common. This arrangement provides the designer with a space saving device canable of oneratian in a 
push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 
Rating 


Emitter-Base Voltage | 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
_ Derate above 25°C . 


Storage Temperature Range 


Junction Temperature 


THERMAL CHARACTERISTICS _ hee | 


. . Characteristic 
Thermal Resistance, Junction to.Case | 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF push-pull amplifiers. 
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MRF3S3 


ELECTRICAL CHARACTERISTICS » {Te = = 25°C unless otherwise noted.) - 


Symbol ae ee 


OFF CHARACTERISTICS (NOTE 1) 


_Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage ViBRICES | 
(I¢ = 50 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage | 7 ViBRIEBO 
(IE = 5 mAds, Ic = 0) © 


Collector Cutoff Current 
(VcB = 30 Vdc, Ir = 0) 


ON CHARACTERISTICS (NOTE 1) 


DC Current Gain 
(Ic = 1 Adc, Vcg = 5 Vdc) 


DYNAMIC CHARACTERISTICS (NOTE 1) 


Output Capacitance 
(VcB = 28 Vdc, IE = 0, f = 1 MHz) 


- FUNCTIONAL TEST (NOTE 2 — See Figure 1) 


Common-Emitter Amplifier Power Gain. 
(Voc = 28 Vde, Pout = 100 W, f = 500 MHz) 


Collector Efficiency 
(Vcc = 28 Vde, Pout = 100 W, f = 500 MHz) 


Load Mismatch 
(Vcc = 28 Vdc, Poyt = 100 W, f = 500 MHz . No Degradation in Output Power 
VSWR = 30:1, all phase angles) 


NOTES: 
1. Each transistor chip measured separately. 
_ 2. Both transistor chips operating in push-pull amplifier. 


C9 C10 «C11 


ian TTT T 


C1, C2, C7, C8 — 240 pF 100 mil Chip Cap | L1-L2 — 0.15 wH Molded Choke with Ferrite Bead 


C3 — 15 pF 100 mil Chip Cap ; L3-L4 — 2-1/2 Turns #20 AWG 0.200” ID 

C4 — 24 pF 100 mil Chip Cap _ LS-L6 — 3-1/2 Turns #18 AWG 0.200" ID 

C5 — 33 pF 100 mil Chip Cap . ; - SO, 
C6 — 12 pF 100 mil Chip Cap B1, B2 — Balun 50 © Semi Rigid Coax, 86 mil OD, 2” Long 
C9, C13.— 1000 pF 100 mil Chip Cap . 

C10, C14 — 680 pF Feedthru Cap 21, Z2 — 850 mil Long x 125 mil W. Microstrip 

C11, C15 — 0.1 wF Ceramic Disc Cap Z3, 24 — 200 mil Long x 125 mil W. Microstrip 

C12, C16 — 50 uF 50 V Z5, Z6 — 800 mil Long x 125 mil W. Microstrip 


Board Material — 0.0325” Teflon-Fiberglass, e, = 2.56, 
1 oz. Copper Clad both sides. 


Figure 1. 500 MHz Test Fixture 
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OUTPUT POWER versus INPUT POWER 


CLASS C 
Te Te be 
i if Miiz ee MHz 
120 = 


B E 
is - < 
eal HL | Mle : 
eit “le | | | | | E 
a 60 i A bE 
= (A — 2 
ce 4p b-b— LZ, _ = 
CT VA ae [| 
Yi | i | | | ff 
of — — LL — ____] 
0 2 4 6 8 10 42 14 16 18 20 0 2 4 6 8 10 = 12 1416 18 20 
INPUT POWER (WATTS) . INPUT POWER (WATTS) 


Figure 2. Vcc = 28 V. | | _ Figure 3. Vcc = 13.5 V 


OUTPUT POWER versus SUPPLY VOLTAGE 
CLASS C . 


OUTPUT POWER (WATTS) 
OUTPUT POWER (WATTS) 


SUPPLY VOLTAGE (VOLTS) , SUPPLY VOLTAGE (VOLTS) 
Figure 4. f = 225 MHz a . Figure 5. f = 500 MHz 


eT RE ; ; 

S — fo] . 
er raiae oo 8 "Zo, = CONJUGATE OF THE OPTIMUM LOAD 
5g nn IMPEDANCE INTO WHICH THE DEVICE 
OUTPUT OPERATES AT A GIVEN OUTPUT 


POWER, VOLTAGE, AND FREQUENCY. 


seenes jess so aw oo 
C " aa TR avice 
ee ate TNS B 
me hs Ee 
Oe: sae" see Lip << 
OR ee pars th TKD KX 405 2 = 
oe seaahenee ae 5 45H Hh LK o 
S76 eet tH PEL ALM 400 MHZ KOS 2 = 
ee " cet sto i PEGS LY SSS AE oO 
SAVE 225 Ft 3g PHD ROD OO RE a 
SOSA MHz Et A Voc = 28V Poyt = 100W = f = 500 MHz 
petit’ otnuesutacns 7 ; a Vcc = 28V 
moter cetuseaae sg 2 | f MHz Zin - | Zon = 
Se ie CH aan 100 . A oO Ica => 200 mA 
ote eetuccscsesch f Poy ee 0.85 + j0 78 — 9.6 
ss Se 108 anata: 225 | O58 + 26 | 50 — [82 
= 20¢ 3.00 + JS. 2 = 10.6. 
SSS 40 = OF -AL TT soo | 4g 4 30 | 29 4 12 
INPUT POWER (WATTS) 
Figure 6. Series Equivalent Input/Output Impedance Figure 7. Class AB Output Power versus Input Power 
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MRF393 


MRF393 Ekg ee 
CRR @ 
NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 8. Test Circuit Photomaster 


Figure 9. 500 MHz Test Circuit 


+ 


OUTLINE DIMENSIONS. 


=x= 


‘MILLIMETERS INCHES 
: DIM | MIN | MAX | MIN | MAX 
STYLE 1: A_| 22.60 | 23.11 | 0890 | 0.910 
PIN 1. EMITTER B 952 | 10.03 | 0.375 | 0.395" 
: oe c 6.65 7.16 | 0.262 | . 0.282 
_ 3 D 1.60 1.95 | 0.063. | 0.077 
4, EMITTER {oe T7294 [340] 0116 | 0.134 | 
. a F 2.87 3.22 | 0.113 |. 0.127 
: G 16.51 BSC 0.650 BSC 
7. BASE 


NOTES: 


8. EMITTER | oo | 


1. DIMENSIONS A AND B ARE DATUMS ANDTISA . 


DATUM SURFACE. 


2. POSITIONAL TOLERANCE FOR SLOTS: 
[+ 40.76 (0.030) @ [a Oe @ | 


3, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
1973. 


i 


SEATING PLANE E CASE 744\-01 
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ft 


MOTOROLA 


fe SEMICONDUCTPOR aay 


TECHNICAL DATA = 


7 The RE’ Line 


NPN SILICON RF POWER TRANSISTORS 


... designed primarily for applications. as a high-power linear. 
amplifier from 2.0 to 75 MHz. _ = 


® Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 25 W (PEP) 
Minimum Gain = 13 dB 
Efficiency = 40% 


® Intermodulation Distortion at 25 W (PEP) 
IMD = -32 dB (Max) a 


® |sothermal-Resistor Design Results in Rugged Device 7 


MAXIMUM RATINGS | 


Total Device Dissipation @ Tc = 25°C(1) 
Derate above 25°C 


Storage Temperature Range 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as.class B or C RF amplifiers. 
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MOTOROLA RF DEVICE DATA 


MRF401 


25 W PEP — 30 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


. STYLE 1: ; 
PIN 1. EMITTER 
2. BASE... 
3, EMITTER 
4, COLLECTOR 


La MILLIMETERS] INCHES | 
L_MIN | 


/MAX | MIN [| MAX_| 

~ LA | 9.40 | 9.78 | 0.370 | 0.385 | 

‘[B | 813 | 8.38 | 0.320 | 0.330 | 

‘Tc | 17.02 [20.07 | 0.670 | 0.790 }. 

/D [ 5.46 | 5.97 | 0.215 | 0.235 | 

rE [ 1.78[ - [0070[ - | 

| J | 0.08 | 0.18 | 0,003 | 0.007 | 
PK | 12457 - [0.490 

fe 8 0.055 | 0.070 | 


PP fT 27 = 7 0.050 | 
|R_| 7.59 | 7.80 | 0.299 | 0.307 
| 4.52 | 0.158 | 0.178 


Case 145A-09 


MRF401 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[symor [win [te [ve [une] 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown. Voltage 
(I¢ = 50 mAdc, |g = 0) 


Collector-Emitter Breakdown Voltage 
(le =10 mAdc, Vpe = 0) 


Emitter-Base Breakdown Voltage 
(ie = 10mAdc, Ic = 0). 


ON CHARACTERISTICS 


DC Current Gain 
(1l¢ = 1.0 Adc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance . - 
(Vcog = 30 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier. Power Gain 
(Pout = 25 Watts PEP, Ic (max) = 1.12 Adc, Vcc = 28 Vdc, 
f = 30 MHz) . 


Collector Efficienty ; 
(Pout = 25 Watts PEP, Ic (max) = 1.12 Adc, Vcc = 28 Vde, 
f = 30 MHz) 

Intermodulation Distortion 
(Pout = 25 Watts PEP, Ic = 1.12 Adc, Vcc = 28 Vdc, 
#4 = 30 MHz, fg = 30.001 MHz) 


RFC2 


RF Output 


ARCO 469 190-780 pF us : . 3 Turns #16 0.25" ID 

ARCO 464 25-280 pF : 6 Turns #16 0.5’ ID 

120 pF Dipped'‘Mica ; — -' 7 Turns #20 0.38" iO ; 
100 wF 185 Vde | . soe 10 wH Molded Choke Delevan 


TOLF ay Allen Bradley Ferroxcube V K200/20-4B 

. 3-Ferroxcube 5653065-3B 
: Input/Output Connectors UGS5S3 A/p 
10 Q 1/2 Watt 10% 


Podel bod 


— IN4997 


Adjust Bias (Base) for |¢q = 20 MA with No RF Applied 


MOTOROLA RE DEVICE DATA 
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MRF401 


FIGURE 2 — PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 3 — PARALLEL EQUIVALENT INPUT 
versus FREQUENCY CAPACITANCE versus FREQUENCY 


Vcc = 28 Vde 


ie ica =20mA 

ce aa 2000 

2 ae 

= Vee = 28 Vde wile 

zo : t= 

ug Icg =20mA Su 

z= Pout = 25 W (PEP)- a Z 1500 

a8 25 

uu 2 - =e 

mf Z & 1000 

ate a5 I TR Ne oe, alee hccetlll ae Al 

mm c S | 

a oo... 600 [SS 

= ee ei SAEs 

Pe Eo 
eae Ceara (ee ee ee mle 
10 20 30 40 50. 70 100 
f, FREQUENCY (MHz) , f, FREQUENCY (MHz) 


FIGURE 4 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


Vec = 28 Vde 
~Ieg=20mA 

= Pout = 25 W (PEP) 

iu 

—_ 

ft 
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f, FREQUENCY (MHz) 


FIGURE 6 — IMD versus POWER OUTPUT 
0 ;— 1 


Two Tone Test 

a ane 
5 of 
— kK ~— 
Z <0 
< E 
O As 
ff > 
> Zz 

. x O 
° bE 
Ww 2 O 
a. ~ 
O OW 
5. 20a 

2.0 3.0 5.0 . 10 20 30 ~=©50 
f, FREQUENCY (MHz) A Pout, OUTPUT POWER (WATTS PEP) 


MOTOROLA RF DEVICE DATA 
3-452 


MOTOROLA 
a SEMICONDUCTOR NEEDING —— 
TECHNICAL DATA | | | wa MRF406 7 


The RF Line 


20 W(PEP) — 30 MHz. 


RF POWER 
TRANSISTOR 


sae d NPN SILICON 
_ NPN SILICON RF POWER TRANSISTOR : 


desi tiea primarily for application as a power linear amplifier 
from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 20 W(PEP) . 
Minimum Gain = 12 dB 
Efficiency = 45% 

@ Intermodulation Distortion @ 20 W(PEP) — 
IMD = -30 dB (Min) 


e 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Tc = 25°C ites 1: 
Derate above 25°C 5 ae 
3. EMITTER 


4. COLLECTOR 


oan ne MILLIMETERS | INCHES | 


| MIN | MAX | MIN | MAX | 
| A | 24.38 | 25.15 | 0.960 | 0.990 
2240 {ssi {0370 {0.380 | 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case © Rejc 


CASE 211-07 


MOTOROLA RF DEVICE DATA 


RAB 


MRF406 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS — 


Collector- Emitter Breakdown Voltage . V(BR)CEO 20 | Vde 
(1g = 50 mAdc, Ig = 0) | : 


Collector-Emitter Breakdown Voltage : V(BR)CES 40 — _ '  Vde 
{ic — BO mAdc, Vge =o} ! 
| Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 50 mAdc, ig = 9) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(ig = 1.0 mAdc, tc = 0) a | . 
Collector Cutoff Current . ICES 5.0 mAdc 
_(VcE = 12.5 Vde, Vee = 0) | 


ON CHARACT ERIST J ics — 


DC Current Gain 


= (Ig = 1.0 Adc, VcE= 5.0 Vdc) | 
DYNAMIC CHARACTERISTICS 


Output Capacitance’ 
(Veg = 12. 5 Vde, IE = 0, f = 1.0 MHz) | 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 20 WIPEP), I¢(max) = 1-75 Ade, 
log = 25 mAde, f = 30, 30. .001 MHz) 


Power Output 
(Voce = 12.5 Vde, f= 30 MHz) 


Collector Efficiency 
(Voc = 12.5 Vdc, Poyt = 20 W(PEP), IC(max) = 1.75 Adc, 
ca" 25 mAdc, f = 30, 30. .001 MHz) 


wee eel Lent TN nt ni etinn 


Vor = = 12.5 Vde, Poyt = 20 WIPEP), lolmex) = 1.75 Ade, 
ICQ = 25 Ade, f = 30, 30.001 MHz) 


Load Mismatch 
I (Ver = 12. 5 Vdc, Pout = 20 ) WIPEP). lo= = 1.75 Adc, 
| ; Ico = 25mAdc, f = 30, 30. 001 MHz) 


> 30:1 All Phase Angles 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


Rl 


5 1N4997 


RF Output 


C1,C2,C4 ARCO 466. — 


C3 469 
ARCO 46 0.15 wH, Molded Choke 


c5,C8,c9 .1 BF Disc Cerami ; 
0 ; u ° me . 15 Turns of #20 AWG Enameled Wire, 
C6 1000 HF,3 V Electrolytic 1/4’ 1.D.. Closé Wound: 


C7 1000 pF, UNELCO | 4 Turns of #18 AWG Wire, 5/16” I.D., 

100 wF,15 V Electrolytic 3/8" Long. 
R1 ~ 100 Ohm, 25 W, Wire Wound : s 10 WH, Molded Choke 
R2 10 Ohm,% W, Carbon - 5 5 Ferrite Beads, FERROXCUBE #56-590-65/3B 
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MRF406 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


25mA 
= 30, 30.001 MHz 


IMD =-30dB - 
_ Iea- 
f 


12.5 V 
25 mA 
TWO TONE TEST: 


f 


Vcc = 72. 
Ica= 
= 30, 30.001 MHz 


(dad SLLVM) HAMOd LNd.LNO 4g 


Vee, SUPPLY VOLTAGE (VOLTS) 


Pin, INPUT POWER (WATTS PEP) 


INTERMODULATION DISTORTION versus 


OUTPUT POWER 


FIGURE 5 — 
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12.5 V 
25 mA 
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FIGURE 4 — POWER GAIN versus FREQUENCY 
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Cet 
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al 20 W i 


Vcc =12.5V 
Ica = 25 mA 


~ (8P) NIV YaMOd ‘dg 


Pout, RF OUTPUT POWER (WATTS PEP) 


f, FREQUENCY (MHz): 


FIGURE 6 — DC SAFE OPERATING AREA 


eS 
(dWV) LNSYHND YOL9397109 ‘91 


— Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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FIGURE 7 — SERIES EQUIVALENT IMPEDANCE | ; 


MRF406 
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RESISTANCE versus FREQUENCY 


FIGURE 9 — PARALLEL EQUIVALENT OUTPUT 
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m= SEMICONDUCTOR 


MOTOROLA tt 


TECHNICAL DATA 


Oo ‘MRF410 © 
The RF Line | | MRF410A_ 
NPN Silicon oe 

RF Power Transistors 


ue > % Ca ta | 10 W-30 MHz 
... designed for high gain driver and output linear amplifier stages in 1.5 to 30 MHz RF POWER 
HF/SSB equipment. | ) : ~ alt ’ TRANSISTORS 
®@ Specified 28 Volt, 30 MHz Characteristics — eee ane | NPN SILICON 


Output Power = 10 W 

Minimum Gain = 13 dB 

Efficiency = 40% 
@ Intermodulation Distortion @ 10 W (PEP) — 

IMD = —30 dB (Max) 
@ 100% Tested for Load Mismatch at All Phase Angles With 30:1 VSWR 
@ Direct Replacement for 2N6370 a 


MRF410 
CASE 211-07 


MAXIMUM RATINGS 


MRF410A | 
CASE 145A-09 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C: ‘ 


es Tstg | —65 to +150 
Operating Junction Temperature : 


°C 


V(BR)EBO 
ICES. 
ON CHARACTERISTICS 


DC Current Gain (Ic = 1 Adc, Vee = 5 Vdc) 3 hee cae 
DYNAMIC CHARACTERISTICS 
| oop [|  — | too, sr 


Output Capacitance (Vcp = 28 Vdc, Ig = 0, f.= 1 MHz) ~ 
(1) These devices are designed for RF operation. The total device dissipation rating applies only when . (continued) 
the devices are operated as RF amplifiers. 
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MRF410, MRF410A 
ELECTRICAL CHARACTERISTICS — continued (Te = = 25°C unless otherwise noted) 


Characteristic 


FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Gain 
(Vcc = 28 Vdc, Poyt = 10 W (PEP), f1 = 30 MHz, 
{2 = 30.001 MHz, Icq = 25 mA) 
Collector Efficiency 

wee = 2R Vdc Pai. = 10 \W IPEP), #1 = 30 MHz, 
= 30.001 MHz, icq = 25 mA) 


intermodulation Distortion (1) 
(Voc = 28 Vde, Pour = 10 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 25 mA) 


Load Mismatch 
(Vcc = 28 Vdc, Pout = = 10 W (PEP), f= = 30 MHz, 
f2 = 30. 001 MHz, Icq = 25 mA, VSWR 30:1 at All Phase Angles) 


CLASS A PERFORIWANCE 
Power Gain and intermodulation Distortion (1) GpE 


(Vcc = 28 Vde, Pout = 4 W (PEP), Icq = 500 mA, IMD(q3) 
f1 = 30 MHz, f2 = 30.001 MHz) IMD(q5) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference each tone. 


+ 
BIAS 
RF INPUT 
Ci — 1300 pF Dipped Mica ~ L1,L3 — Ferroxcube VK200 10/3B or Fair-Rite Products 
C2,C3,C5,C6 — 0.1 uF Type 1812 Chip or Equivalent a Corporation 2843003102 __ 
C4 — 100 wF/16 V Electrolytic  L2 — 15 Turns #22 AWG Enameled Wire, Close 
Us. — 0.01 pF Type 1Biz Chip or Equivalent = Wound, “%" ID 
C8 — 10 »F/35 V Electrolytic T1 ~- RF Transformer 9:1 Impedance Ratio. See 
R1 — 5 Ohms/5 W : Motorola Application Note AN749, Figure 4 for 
R2 — 10 Ohms/2 W Carbon Details. Ferrite Material: 2 each Fair-Rite 
D1 — MR820-826 or Equivalent Products Corporation 2643006801 
Figure 1. 30 MHz Test Circuit 

20 


Icq = 20 mA 


Pout, OUTPUT POWER (WATTS) 


PNET TT TT 


Pout OUTPUT POWER (WATTS PEP) - 


LITE N TTT 
ETN 


PLN ET 
et 
e 


0 
0 0.2 0.4 0.6 cs 8 ee Z 
Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 


MOTOROLA RF: DEVICE DATA 


3-458 


MRF410, MRF410A 
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IMD, INTERMODULATION DISTORTION (dB) 
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Gpe, POWER GAIN (dB) 
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Figure 4. Power Gain versus Frequency | . fue Figure 5. Intermodulation Distortion versus 
Output Power os 
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Figure 6. D.C. Safe Operating Area Figure 7. Output Capacitance versus Frequency 
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~ Rout: PARALLEL EQUIVALENT OUTPUT RESISTANCE 


Figure 8. Output Resistance versus Frequency 
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MRF410, MRF410A 
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Figure 9. Series Equivalent Input Impedance 


OUTLINE DIMENSIONS 


SEATING PLANE / 


WRENCH FLAT —-~ 


PIN 1. EMITTER 
\ SEATING PLANE 2. BASE 


3. EMITTER 
4, COLLECTOR 


| MILLIMETERS | INCHES 


—_ | 0.050 
4.52 | 0.158 | 0.178 
2.54 | 0.083 | 0.100 


CASE 211-07 a wel | | CASE 145A-09 
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MOTOROLA 


mu SEMICONDUCTOR m 
TECHNICAL DATA 


-MRF412° 


The RF Line 


70 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR - 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for applications as a high-power amplifier - NPN SILICON 
from 2.0 to 30 MHz, in single sideband mobile, marine and base » = 


station equipment where superior ruggedness is required. 
@ Specified 13.6 V, 30 MHz Characteristics — 
Output Power = 70 W PEP or CW 
Minimum Gain = 13 dB 
Efficiency = 40% Ce ets 
Intermodulation Distortion d3 = -33 dB Typ oe 
@ Guaranteed Ruggedness @ 3.0 dB Overdrive and 15.5 V Supply 


Collector-Emitter Voltage __ . VCEO 


[Veco | 18 | ve 
Collector-Base Voltage . VcBO 
Emitter-Base Voltage | VEBO 
C 


Collector-Current — Continuous | Ade 

Total Device Dissipation @ Tc = 25°C (1) 250 Watts 
Derate above 25°C 1.43 mW/ °C 

Storage Temperature Range Tstg 88 to +1 oe 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


MAXIMUM RATINGS’ | . 


Max 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. SET EMITTER 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared. 2. BASE 


measurement techniques. : COLLECTOR 


Thermal Resistance, Junction to Case (2) 


_ MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of measuring 
hFE at the data sheet conditions and color coding the device to 


predetermined hfe ranges within the normal he¢ limits. A color dot a, Ph ae er | Ois0 Pao | 
is added to the marking on top of the cap. Any two devices with the a2 nen 


same color dot can be paired together to forma matched setof units. | _ CASE 211-11 


MOTOROLA RF DEVICE DATA 
3-461 


MRF412 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
ee eee ed 
OFF CHARACTERISTICS : 


Collector-Emitter Breakdown Voltage 
(l¢ = 100 mAdc, Ip = 0) 


| Collector-Emitter Breakdown Voltage 
(ic = 5O mAdc, Var = 0) 


| Emitter-Base Breakdown Voltage | ViBRIEBO 4.0 — 
(ig = 10 mAdc, !¢ = 0) 


Collector Cutoff Current . ICES mAdc 
(VcE=13.6 Vdc, Vgg = 0) 
ON CHARACTERISTICS _ 


| DC Current Gain 
(Ic = 5.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Power Gain | 
(Vcc = 13.6 Vde, Pout = 70 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 100 mA) 


| Collector Efficiency 
(Vcc = 13.6 Vdc, Pout = 70 W (PEP), f1 = 30 MHz, 
~ £2 = 30.001 MHz, icq = 100 mA) . 


| Intermodulation Distortion (1) (PEP) : 
(Vcc = 13.6 Vde, Pout = 70 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, ica = = 100 mA) 


Load Mismatch = “5 | No Degradation in Output Power 
(Vec = 15.5 Vdc, Pin = 7.0W (cw), f= 30 MHz, . 
VSWR = 30:1 All Angles) 


(1) To MIL-STD-1311 Version A, Test Method 22048, Two Tone, Reference Each Tone. 


FIGURE 1 — 30-MHz TEST CIRCUIT 


+ 
ee 5 Vdc 


L4 L2 


: \L¥ ~< RF 
oh at in 7 


C1,C2,C4— 170-780 pF, ARCO 469 RO 10 92,1 Watt Carbon 
oc 80-480 pF, ARCO 466 CR1—  IN4997 


C5,C7,C10 — ERIE O.1 MF, 100 V Li — 3 Turns, #16 Wire, 5/16" |.D., 5/16"' Long 


C6 / MALLORY 500 uF @ 15 'V Electrolytic L2 — 12 Turns, #16 Enamaled Wire Closewound, 1/4’ 1.D 
ae POON Pale NE ICEtEOWIIE L3— 13/4 Turns, 1/8” Tubing, 3/8" 1.D., 3/8" Long 

c8 — 1000 pF, 350 V UNDERWOOD L4— . .10 WH Molded Choke 

R1 — 10 92, 25 Watt Wirewound L5 — 10 Ferrite Beads - FERROXCUBE #56-590-65/3B 


*~MOTOROLA'RF DEVICE DATA 
3-462 


MRF412 


FIGURE 3 — POWER GAIN versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER. 
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FIGURE 5 — INTERMODULATION DISTORTION versus 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 


FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


3-463 


MRF412 
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FIGURE 8 — SAFE OPERATING AREA 


Ic, COLLECTOR CURRENT (AMPS) 
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FIGURE 9 — SERIES INPUT IMPEDANCE 


ar Hioue 
Serrntieireeas 
ees MUN faeeeaziigaee 
ASSO NSCS U STARE eaten 
ceteccrereneer aeentatt : HH ES Pout = 70 W PEP 
eceeeennenntos meattaat ace semeee 
NSO SSS AE COREE THs ae Lf 
SKS CEs fod 
Ss sina EOE ra Soe 
SSSI tty 
LP RESET 
Aaa Renate Seventas |iEEE 
EO OO EEE 
TILLER ES SEE EE PEELE 
Were eeeteteene setnehasky ZIneEe 


as 
a 


MOTOROLA RF DEVICE DATA 
3-464 


MOTOROLA 


ss SEMICONDUCTOR RCE eRe 
TECHNICAL DATA _ ee MRF421 


MRF421MP | 


The RF Line | 
100 W(PEP) — 30 MHz 


RF POWER 
TRANSISTORS 


| NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


. designed primarily: for application as a high- power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 100 W(PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 

e intermodulation Distortion @ 100 W PEPE 
IMD = -30 dB (Min) 


@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS © 


SEATING PLANE 


STYLE 1: 


PIN 1. EMITTER 
Withstand Current — 10s 2. BASE 


Total Device Dissipation @ Tc = 25°C 3. EMITTER 
a : 4, COLLECTOR 
Derate above 25°C 


Storage Temperature Range 


MRF421MP is for ordering an hfe matched pair. 
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| THERMAL CHARACTERISTICS 


Characteristic 6 5B 
Thermal Resistance, Junction to Baas | M_ 
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CASE 211-11 


MOTOROLA RF DEVICE DATA 


RABE 


MRF421, MRF421MP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


_ Characteristic 


OFF Are eee 


! Collector-Emitter Breakdown Voltage 
| (ic = 50 mAdc, Ig = 0) 


| Collector-Emitter Breakdown Voltage V(BRICES | 
(Wo = 200 mAde, Vag = 0) 


| Collector- Base Breakdown Voltage V(BR)CBO Vdc 
| (1g = 200 mAde, Ig = 0) 
| Emitter- Base Breakdown Voltage Bo 
({¢ = 10 mAdc, Ic = Q) 
Collector Cutoff Current pemene mAdc 
(VcE = 16 Vde, Vee = 0, Tc = 25°C) | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5:0 Adc, VceE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS - — 


Output Capacitance 
(Vcp = 12.5 Vdc, Ig = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common- Enitiet Amplifier Power Gain 
(Voc = 12.5 Vdc, Poy = 100 W, tc(max) =.10 Adc, 
IcQ = 150 mAdc, f = 30, 30.001 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 100 W, IC(max) = 10 Adc, 
lcq = 150 mA, f = 30, 30.001 MHz) 


| Intermodulation Distortion (1) 
(Voce = 12.5 Vde, Poyt = 100 Watts, Ic = 10 Adc, 
log = 150 mA, f = 30, 30.001 MHz) 


(1) To proposed EIA measurement technique. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


REF 
Output 


C1,C2,C4 — 170-780 pF, ARCO 469 ." R2— 109, 1 Watt Carbon 
C3 — 80-480 pF, ARCO 466 CR1—  1N4997 


C5,C7,C10 — ERIE 0.1 uF, 100 V a 3 Turns, #16 Wire, 5/16” 1.D., 5/16" Long 


Ces "MALLORY 500 WF @ 15 Vv Elecrelytl Lo -12 Turns, #16 Enamaled Wire Closewound, 1/4'°1.D 
co — | 100 uF,15-V Electrolytic L3 — 13/4 Turns, 1/8” Tubing, 3/8” 1.D., 3/8"" Long 
cg 1000 pF, 350 V UNDERWOOD ta 10 #H Molded Choke 

R1 — 10 92, 25 Watt Wirewound LS — 10 Ferrite Beads - FERROXCUBE #56-590-65/38 


MOTOROLA RF DEVICE DATA 


3-466 


MRF421, MRF421MP 


Pout, OUTPUT POWER (WATTS PEP) 


Gpe, POWER GAIN (dB) 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Vec= 12.5 V 

lcq = 150 mA 
TWO TONE TEST: 
f = 30, 30.001 MHz 


Pin, INPUT POWER (WATTS PEP) 


FIGURE 4 — POWER GAIN versus FREQUENCY 


5.0 7.0 10 
f, FREQUENCY (MHz) 


FIGURE 6 — DC SAFE OPERATING AREA | 


10 20 


2.0 5.0 | 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


50 


IMD, INTERMODULATION DISTORTION (dB) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE | 


IMD = -30 dB 
ico = 150 mA 
f = 30, 30.001 MHz 


Vee, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — INTERMODULATION DISTORTION ; 
versus OUTPUT POWER 


Vec=12.5V 
!¢q = 150 mA 
. Ff = 36, 30.001 MHz 
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FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 


3-467 


MRF421, MRF42i1MP 


FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 


FIGURE 3 — OUTPUT CAPACITANCE versus FREQUENCY 


> 
i 
N 
_ 
u 
oO 
oO 
> 


100 W PEP 


Ico = 150 mA 
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{, FREQUENCY (MHz) 


MOTOROLA RE DEVICE DATA 


3-468. 


MOTOROLA 
= SEMICONDUCTOR yy | 
TECHNICAL DATA | MRF422 


MRF422MP 


The RF Line 
150 W(PEP) — 30 MHz 


RF POWER 
‘TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | | | 
: ™“ NPN SILICON 


_ designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 
®@ intermodulation Distortion @ 150 W(PEP) — 
IMD = -30 dB (Min) 
@ 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


ee 
a 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 


MRF422MP is for ordering a HFE matched pair. 4. COLLECTOR 


THERMAL CHARACTERISTICS 


CASE 211-11 


MOTOROLA RF DEVICE DATA 


3-449 


MRF422, MRF422MP_ 


ELECTRICAL CHARACTERISTICS Ice 25°C unless otherwise noted.) 


OF =HAr ACTE RISTICS 


r-Emitter Breakdown Voltage 
= - 200 mAdc, !g = Q) 
Callactar-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Vege = 0) 
| Coliector-Base Breakdown Voltage 
(i¢ = 100 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, tc = 0) 
| Collector Cutoff Current 


(Voge =.28 Vdc, Vee = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, I¢ = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


|} Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 150 W(PEP), \C(max) = 6.7 Ade, 
lca = 150 mAdc, f = 30, 30.001 MHz) 


| Collector Efficiency 
(Voc = 28 Vdc, Poyt = 150 W(PEP), Ic(max) = 6-7 Ade, 
1cQ = 150 mAdc, f = 30, 30.001 MHz) 


intermodulation Distortion = 
(VcE = 28 Vde, Poyt = 150 Watts(PEP), I¢ = 6.7 Adc, 
IcQ = 150:'mAdc, f = 30, 30.001 MHz) 

Output Power 


(Voge = 28 Vde, f = 30 MHz) 


[MaRICES = 
| V(BR}EBO ap 
es a = =e 


Pout 150 = = Watts PEP 


‘ i t 
A 


*To Mil Std 1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


R1 
+ 30 
Bias CRI 

RD 

oF 

C1,2,3,5 — 170-680 pF, ARCO 469 Li — 3 Turns, #16 Wire, 5/16” |.D., 5/16” Long 
C4 — 80-480 pF, ARCO 466 L2 — 10 wH Molded Choke 

~ C6,8,11 — ERIE 0.1 pF, 100 V L3 — 12 Turns, #16 Enamaled Wire, Close Wound, 
C7 ~~ MALLORY 500 pF, 15 V 1/4” Dia. 

. Electrolytic L4 — 5 turns, 1/8” Copper Tubing 
C9 . — UNDERWOOD 1000 pF, 350V  L5— 10 Ferrite Beads — FERROXCUBE #56- 590-65/ 
C10 — 10 pF, 50 V Electrolytic 3B 
R1 —- 10 0, 25 Watt Wire Wound 
R2 — 10 0, 1 Watt Carbon 
CR1 


—- 1N4997 


MOTOROLA RF DEVICE DATA 
3-470 


MRF422, MRF422MP 


FIGURE 3 — POWER GAIN versus FREQUENCY _ 


FIGURE 2 — OUTPUT POWER versus INPUT POWER __ 
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FIGURE 5 — INTERMODULATION DISTORTION 


LINEAR OUTPUT POWER 


versus SUPPLY VOLTAGE 


FIGURE 4 — 
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FIGURE 7 — SERIES INPUT IMPEDANCE 


FIGURE 6 — DC SAFE OPERATING AREA 
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MOTOROLA RF DEVICE DATA 


3-471 


MRF422, MRF422MP 


FIGURE 9 — OUTPUT CAPACITANCE 


FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
3-472 


SEMICONDUCTOR } 
"|  MRF426 


MRF426A 


TECHNICAL DATA 


The RF Line 
25 W (PEP) — 30 MHz 


~ RE POWER 
TRANSISTOR 
: NPN SILICON RF POWER TRANSISTOR nen SILICON 
. designed for high gain driver and output linear amplifier stages 4 
in 1. 5 to 30 MHz HF/SSB equipment. 


®@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 25 W (PEP) 


Minimum Gain = 22 dB ro = = 
Efficiency = 35% © a : 


@ intermodulation Distortion @ 25 W (PEP) — . . MRFE426 
IMD = -—30 dB (Max) : 


@ 100% Tested for Load Mismatch at All Phase Angles | 
With 30:1 VSWR | | | Ae. aoe 


® Class A and AB Characterization . : eee 


3. EMITTER 
@ BLX 13 Equivalent 


4, COLLECTOR 


CASE 211-07 


MAXIMUM RATINGS 


5 MRF426A 
Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 
3. EMITTER 


THERMAL CHARACTERISTICS a (onl 4 COLLECTOR 


Characteristic Symbol iss | MA — nL AR 
Thermal Resistance, Junction to Case ReJc pereihie 


(1) These devices are designed for RF operation. The total device dissipation rating applies 


only when the devices are operated as RF amplifiers. rK 11245] - [0490] - | 
fe | 1.40 | 1.78 | 0.055 | 0.070 | 


STYLE 1: 
PIN 1. EMITTER 


ce 
Dare ase] 

ae 0,299 om enemane 
ae ANS 
hte | 336 Loos 0.137] 


MOTOROLA RF DEVICE DATA 


MRF426, MRF426A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


; - Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ess 

(Ic = 50 mAdc, Igp=0) . : = 

| Collector-Base Breakdown Voltage fiscal ett Mile BEDE Bao 

| (Ig = 50 mAdc, ia 

eed 10 iaaae: Ic = 0) 

| Collector cuteness Bike ee Oe mAdc 
(VCE = 28 Vdc, VBE = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(ic = 1.0 Adc, Vcg = 5.0 Vde 


DYNAMIC CHARACTERISTICS 


Output Capacitance” 
(VcB = 30 Vdc, Ip = 0,f= 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Guia 
(Vcc = 28 Vdc, Pout = 25 W (PEP), f1. = 30 MHz, 
f2 = 30.001 MHz, Icq = 25 mA) 


Collector Efficiency 
(Voc = 28 Vdc, Pout = 25 W (PEP), f1 = - 30 MHz, 
f2 = 30.001 MHz, ICQ = 25 mA) 
Intermodulation Distortion (1) 
(Vcc = 28 Vde, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icg = 25 mA) - 
Load Mismatch 
(Voc = 28 Vdc, Poy: = 25 W | (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz; icg = 25 mA, VSWR 30:1 at All Phase Angles 


ASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gpe 
(Voc = 28 Vde, Pout = 8 W (PEP), f1 = 30 MHz, IMD(q3) 
f2 = 30.001 MHz, Icg = 1.2 Adc) IMD (q5) 


{41 To MIL-STO-1211 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 - 30 MHz LINEAR TEST CIRCUIT 


RFC2 


RF Output 


ARCO 469 190-780 pF : Lt: 3 Turns #16 0.25" ID 

ARCO 464 25-280 pF " 42 6 Turns #16 0.5" ID 

120 pF Dipped Mica . E L3 7 Turns: #20 0.38" ID 

100 wF 15 Vde ‘ L4 10 wH Molded Choke Delevan 


He aay eas pas RFCI Ferroxcube VK200/20-4B 
as ante RFC2 3-F erroxcube 5653065-3B 
RF Input/Output Connectors UG53 A/p 


’ 1N4997 R1 10 22 1/2 Watt 10% 


Adjust Bias (Base) for icq = 20 MA with No RF Applied 


~ MOTOROLA RF DEVICE DATA 
3-474 


MRF426, MRF426A 


‘OUTPUT POWER versus SUPPLY VOLTAGE 


‘FIGURE 3 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 
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FIGURE 5 — INTERMODULATION DISTORTION 


FIGURE 4 — POWER GAIN versus FREQUENCY. 


versus OUTPUT POWER | 


30, 30.00.1 MHz 


| | I 1 i 
(GP) NOILLYOLSIC NOILVINGOWYS.LNI “GIN 


(aP) NIVS HAMOd ba'ldq 


ATT 
COCA 


Pout, QUTPUT POWER (WATTS PEP) 


f, REQUENCY nina 


FIGURE 6 — DC SAFE OPERATING AREA 
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MOTOROLA RF DEVICE DATA 
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MRF426, MRF426A 


FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 
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_ FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 9 — SERIES EQUIVALENT INPUT iMPEDANCE — 
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MOTOROLA 
TECHNICAL DATA 


= SEMICONDUCTOR am 


‘The RF Line 


NPN SILICON RF POWER TRANSISTOR 


.. . designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base sta- 


tion equipment. 


® Specified 50 Volt, 30 MHz Characteristics — 


Output Power = 25 W(PEP) 
Minimum Gain = 18 dB 


®@ (ntermodulation Distortion @ 25 W(PEP) — 


IMD = -34 dB (Min) 


@ 100% Tested for Load Mismatch at all Phase Angles with 30:1 


VSWR 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


MRF427 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 


4. COLLECTOR 


una MILLIMETERS | INCHES | 

[MIN [MAX | MIN | MAX _| 
| A | 24.38 [25.15 | 0.960] 0.990 | 
TB | 11.81 [12.95 | 0.465| 0.510 | 
1c | 5.82 | 6.98 | 0.229 | 0.275 | 
Tp [ 5.46 | 5.97 | 0.216 | 0.235 | 
LE | 2.13 [. 2.79 | 0.084 | 0.110 | 


F | 0.08 | 0.18 | 0.003 | 0.007 
|G [ 18.29 | 18.54 | 0.720 | 0.730 
111,05 | - [0435 | - | 


LK 
ft | 6.22 | 6.48 | 0.246 | 0.255 | 
|M [ 45°NOM | 45°NOM_ 


CASE 211-11 


SEATING PLANE 


MOTOROLA RF DEVICE DATA 


oO AW7"7 


SEATING PLANE 
WRENCH FLAT 


MRFA2T 
MRF427A 


25 W(PEP)—30MHz2 — 


RF POWER 
TRANSISTOR | 


NPN SILICON 


MRF427A 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


| ad MILLIMETERS] INCHES 
[MIN [MAX | MIN | MAX 


| A [| 12.45 [12.95 | 0.490] 0.570 | 
10.80 


LB | 10.54 | | 0.415 | 0.425 | 
PC | 19.68 [22.73 | 0.775 | 0.895 
TD | 5.48 | 5.97 [0.215 | 0.236 | 


|S | 3.84 | 4.50 | 0.151 | 
0.083 | 0.100 | 
fu | 2.49 | 3.35 | 0.098 | 0.132 


NOTE: 
1. 1454-10, USE 10-32NF-2A STUD. 


CASE 145A-10 


MRF427, MRF427A 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise nbted: ) 


ee ree ee ee 


OFF CHARACTER ISTICS | 


Collector: Emitter Breakdown Voltage V(BR)CEO 
(Ic = 200 mAde, Ig =0) | | 


[Collector-Emitter Breakdown Voltage V(BR)CES 
i (ig. = 100 mAdc, Vge = 0) ao 


Migs 100rmAde1e"0) aie reps “ 


| {le = 100 mAae, IE = 0) 


[Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(le = 10 mAdc, I¢ = 0). , 


ON CHARACTERISTICS 


1DC Current Gain 


(Ig = 500 mAdc, Vee = 5.0 Vac) 
DYNAMIC CHARACTERISTICS 


Output Capacitance . 
(Vp = 50 Vade, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS — - 


Common-Emitter Amplifier Power Gain 
(Vcc = 50 Vdc, Pout = 25 WIPEP), f = 30 MHz) 


intermodulation Distortion 
(Vcc = 50 Vdc, Poyt = 25 WIPEP)) 


Electrical Ruggedness 
(Vec = 50 Vde, Poyt = 25 W(PEP), f = 30 MHz, 
VSWR 30:1) No Degradation in Output Power 
All Phase Angles 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


RFC3 


+ > c = re i € + 
+ 
Vdc 4 i T ia ii Vde 
c— 


< RF Output 


RF Input 


C1,C2,C6 ARCO 469 Trimmer , = 


C3 500 uF, 3 Vde Capacitor 

C4,C7,C10. 0.1 uF ERIE REDCAP RFC1 1 4H Molded Choke 

C5. . ARCO 463 Trimmer RFC2 20 Turns, #20 AWG, Enameled Wire 

C8 1000 pF, UNELCO Capacitor on 390 22, 1 Watt Resistor 
Co. _47 MF, 50 Vdc Capacitor RFC3 VK 200-4B FERROXCUBE Choke 

R1 20 Q, 5 Watt Resistor 

R2 102, % Watt Resistor 

L.1 0.15 WH inductor 

L2 - 0:3 WH Inductor 


D1. 1N4997 


MOTOROLA RF DEVICE DATA 
3-478 


MRF427, MRF427A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — POWER GAIN versus FREQUENCY 


Gp, POWER GAIN (dB) 


ica =40mA 
Pout = 25 W PEP 


Pout, QUTPUT POWER (WATTS) 


LEE EY 
BEERREER 


15 
15° 2.0 30 §©=— 5.0 7.0 10 15 20 30 
PIN, INPUT POWER (WATTS) _ £ FREQUENCY (MHz) : 
- FIGURE 4 — INTERMODULATION DISTORTION versus FIGURE 5 — INTERMODULATION DISTORTION versus a 
OUTPUT POWER : OUTPUT POWER . 
Vec =50Vde © Vcc = 40 Vde 


EE 


3rd Order i 


IMD, INTERMODULATION DISTORTION (dB) 
IMD, INTERMODULATION DISTORTION (dB) 


Pout, OUTPUT POWER (WATTS PEP) Pout, QUTPUT POWER (WATTS PEP) 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 
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| 3 | MOTOROLA RF DEVICE DATA : 
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MRF427, MRF427A 


FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR | 7 
TECHNICAL DATA | page 


The RF Line 


150 W (PEP) — 30 MHz __ 


RF POWER 
TRANSISTOR 


ee : ws ie ty tek? | _ NPN SILICON 
_ NPN SILICON RF POWER TRANSISTOR : 


| ee designed primarily for high-voltage applications asa high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base station 
equipment. 


® Specified 50 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain=13 dB 
Efficiency = 45% 

® |ntermodulation Distortion @ 150 W (PEP) — 
IMD = -30 dB (Max) 


@ 100% Tested for Load Mismatch at all Phase Angles wit 
30:1 VSWR 


| MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage 


Emitter-B Voltage : 
mitter-Base ag SEATING PLANE 


Collector Current — Continuous 


0 ca STYLE 1: 
Nancie Pi eMnTeR 
Derate above 25°C “4. COLLECTOR 
| 

| | MIN | MAX | 


| MIN | 
[A | 24.38 | 25.15 | 0.960] 0.990 
|B {| 11.81 0.510 
| c¢ | 5.82 
Tp | 5.46 [ 5.97 | 0.216 | 0.236 | 
Ef 218) 278 | 084 fot 
0.18 


Storage Temperature Range 3 — 65 to+ 150 °C 


| THERMAL CHARACTERISTICS CF {0.08 | 
G | 18.29 | 18.54 | 0.720 | 0.730 | 


PK [11.05 | - [0435 | — 
| L_ | 6.22 | 6.48 | 0.246 | 0.255 
PM |  45°NOM | 45°NOM | 


iN | 3.66 | 4.52 | 0.144 | 0.178 
ra | 2.92 | 3.30 | 0.115 | 0.130 


CASE 211-11 


Thermal Resistance, Junction to Case ReJjc 


MOTOROLA RF.DEVICE DATA 


2.421 


MRF428 — 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted.) 


Symbal a a 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage V(BR)CEO 

- (Ig = 200 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage a a a 
| (I¢ = 100 mAdc, Vee = 0) | 


| Coiiector- -Base Breakdown Voltage Meee | = Vdc 
L ids 100 mAde, IE = 0) 


iter-Base ¢ Breakdown Voltage es Manel 4.0 _ a “| Vde 
ie oaomA de, !¢ = Q) 


ON CHARACTERISTICS 


Emi 


i 
( 
\ 


DC Current Gain 


(I¢ = 5.0 Adc, Vc = 5.0 Vdc) 


OYNAMIC > CHARACT t ERISTICS 


Output Capacitance 


(Vop = 50 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 
(Voc = 50 Vdc, Poy = 150 W (PEP) Ic(max) = 3.32 Adc, 
f = 30 MHz) 
Output Power 
(Vce = 50 Vdc, f = 30 MHz) 
Collector Efficiency 
(Vcc = 50 Vdc, Pout * = 150 W (PEP), I¢(max) = 3.32 Adc, 
f = 30 MHz) , 
tntermodulation Distortion (1) 
(Vce = 50 Vdc, Pout = 150 W (PEP), I¢ = 3.32 Adc) 
| Electrical Ruggedness 


(Voc = 50 Vdc, Pout = 150 W (PEP), ee 3.32 Adc, 
f = 30 MHz) | No Degradation in Output Power: 


VSWR 30:1 at aii Phase Angles 


(1) To Mil Std 1311 Version A; Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


+ 
C10 50 Vde 


RF 
Output — 


C1,C2,C7 170-780 pF, ARCO 46% ‘ 10 2, 1 Watt 

C3,C8,C9 0.1 uF, 100 V ERIE 1N4997 

C4 500 uF @6V- 3 Turns, #16 Wire, 5/16” 1.D., 5/16’' Long 

c5 9.0-180 pF, ARCO 463 10 WH Moided Choke 

C6" ' 80-480 pF, ARCO 466 12 Turns, #16 Enamaled Wire Closewound, 1/4’ {.D. 
C10 30 UF, 100 V _§ Turns, 1/8’’ Copper Tubing, 9/16” |.D., 3/4" Long 
R1 10 82, 10 Watt 10 Ferrite Beads — FERROXCUBE #56-590-65/3B8 
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OUTPUT POWER versus SUPPLY vo LTAGE 


‘FIGURE 3 


_ OUTPUT POWER versus INPUT POWER 
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FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA | 
ae SEMICONDUCTPGR aa 
TECHNICAL DATA | a 


MRF429 
MRF429MP_ 


~The RF Line 


150 W (LINEAR) 30 MHz 


RF POWER 
TRANSISTOR | 


| NPN SILICON | 
NPN SILICON RF POWER TRANSISTOR 


... designed primarily for high-voltage applications as a high- 
power linear amplifier from 2.0 to 30 MHz. Ideal for marine and 
base station equipment. 
@ Specified 50 Volt, 30 MHz Characteristics — 

Output Power = 150 W(PEP) 

Minimum Gain = 13 dB 

Efficiency = 45% 
@ Intermodulation Distortion @ 150 W(PEP) — 

IMD = -—32 dB (Max) 


e Diffused Emitter Resistors for Superior Ruggedness 


@ 100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR @ 150 W CW 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
: weit as ‘ nd w, 3. EMITTER 
Total Device Dissipation @ Tc = 4. COLLECTOR 
Derate above 25°C : 
MILLIMETERS| INCHES | 


MRF429MP is for ordering an hfg matched pair. 


THERMAL CHARACTERISTICS 


Symbol | = Max 
Thermal Resistance, Junction to Case 0.75 


a 
Pe md ICO (OO [CO | — 
co coms |cornia 


SIS Sle lS |S |Ploleo 
NOI Ol |PoIRIE Jin 
PI (IN/D1O (> [M/S ap 
C/O 09] [op [co /PR eS 
‘ apoyoje|je|s|je 
~/O ROTRO (fe) 
wld (ee (T=) 
om nian {=} 


= BN 
7) |—2 100 [>] No [or fers | | 
NI Iho |O|— | [00 [00 to 
NQ [G7 {C0 [00/00 [6 [RO | [00 


0.255 


| 
oOin 
o 
= 
Oo 
= 


3. 4.52 


oS 
_ 
~ 
co 


0.115 | 0.130 


MOTOROLA RF DEVICE DATA 


Q-ARR 


MRF429, MRF429MP > 


ELECTRICAL CHARACTERISTICS Te = = 25°C unless otherwise noted.) 


Symbol 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage wieniceo | 
(i¢ = 200 mAdc, Ip = 0) - . 
i Coiiector-Emitier Breakdown Voltage . V(BR)CES 
| (i¢ = 100 mAdc, VBE = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 100 Vde 
(i¢ = 100 mAdsc, ig = 0) i 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 


(lp = 10 mAdc, I¢ = 0) 
ON CHARACTERISTICS 


| DC Current Gain hee 10 | 20 86 | _ | 
(i¢ = 5.0 Adc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Veg = 50 Vdc, Ig = 0,f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 
(Vcc = 50 Vdc, Poyt = 150 W (PEP) Ic(max) = 3.32 Adc, 
f = 30; 30.001 MHz) 


Output Power — 
(VCE = 50 Vde, f = 30: 30.001 MHz) 


Collector Efficiency — 
(Vcc = 50 Vdc, Poyt = 150 W (PEP), Icimax) = 3.32 Adc, 
f = 30; 30.001 MHz) 


Intermodulation Distortion (1) 


(Vee = 50 Vdc, Poy = 150 W (PEP) 


No Degradation in Output Power 


Electrical Ruggedness . 
(Voc = 50 Vdc, Poyt = 150 WCW, f = 30 MHz, 
VSWR 30:1 at all Phase Angles) 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C10 oo Ovee 


RF 
Output 


. €1,C2,C7 170-780 pF, Arco 469 
C3, C8, cg 0.1 wF, 100 V Erie 5-3. 3 Q, 1/2 Watt Carbon RGsIstOls in Parallel 
500 pF @6V 1N4997 


9.0-180 pF, Arco 463 3 Turns, #16 Wire, 5/16” |.D., 5/16” Long 
80-480 pF, Arco 466 10 «#H Molded Choke 
30 uF, 100 V 12 Turns, #16 Enameled Wire Closewound, 1/4” I.D. 
10 ©, 10 Watt 5 Turns, 1/8" Copper Tubing, 9/16” I.D., 3/4” Long 
10 Ferrite Beads — Ferroxcube #56-590-65/3B 
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MRF429, MRF429MP 


_ FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS CW) 
Pout, OUTPUT POWER (WATTS PEP) 
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FIGURE 4 — POWER GAIN versus FREQUENCY FIGURE 5 — RF SAFE OPERATING AREA (SOAR) 
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FIGURE 6 — fy versus COLLECTOR CURRENT 
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MRF429, MRF429MP 


FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY _ FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA | 
m2 SEMICONDUCTOR mam 
TECHNICAL DATA 


The RF Line ; | 7 MRF430 
NPN Silicon | | | 
RF Power Transistor 


| 600 WATTS (LINEAR) 
_ designed primarily for high-voltage applications as a high- power linear amplifier 30 MHz 
from 2 to 30 MHz. Ideal for marine and base station equipment. . RF POWER TRANSISTOR 


® Specified 50 Volt, 30 MHz Characteristics NPN SILICON 
Output Power = 600 W 
Minimum Gain = 10 dB 
Efficiency = 40% 
® Intermodulation Distortion @ 600 W(PEP) — IMD = —30 dB 
@ Diffused Emitter Resistors for Superior Ruggedness 
@ Low Thermal Resistance 


CASE 368-01 


[symbot | Vatwe [une 
Collector-Emitter Voltage ; . | veo | 50 | vec | 
Emitter-Base Voltage % J | Vepo | 4 Vde 


Collector Current — Continuous 1% 


ek i ae 


Total Device Dissipation @ Tc = 25°C Watts 
w°C 


MAXIMUM RATINGS 


Derate Above 25°C 


Storage Temperature Range ‘—~65 to + 150 Le 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS Te = = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 500 mAdc, ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 200 mAdc, VgE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 20 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 20 Adc, Vcg = 10 Vdc) 


(continued) 


MOTOROLA RF DEVICE DATA 
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VIN oVU 
ELECTRICAL CHARACTERISTICS — continued ee _ 25°C unless otherwise noted) 


Characteristic 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 50 Vde, le = 0, f = 1 MHz) 


FUNCTIONAL TEST | 
Common-Emitter Amplifier Power Gain . GpE 10 13 dB 


| Wee ~ 80 Vde, Pout = 800 W (CW), f = 30 MHz, icq = 600 mA) 


| Collector E anor (PEP) é = 40 % 
Vcc = 5U Vdc, Pout = 600 W, f = 30 MHz, Icg = 600 mA) (CW) gee 60 % 
Intermoduiation Distortion (1) —30 
(VCE = 50 Vdc, Poyt = 600 W (PEP), Icq = 600 mA, f = 30 MHz) 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


+ 
C24 AN 50 V 
RF 
OUTPUT 

C1, C3, C11 — Arco 469 or equivalent L1 — 2 Turns #14 AWG, %" ID, %" Long 
C2 — 820 pF L2 — Ohmite Z-235 or equivalent 
C4 — 330 pF L3, L4 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 
C5 — 1000 uF/3 V Electrolytic . or equivalent | 
C6, C8, C9, C10, C17, C18, C19 — 0.1 uF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola 
C7, C22, C23 — 0.47 wF, RMC Type 2225C or equivalent ' Application Note AN749, Figure 4 for details. Ferrite 
C12, C13, C14 — 470 pF | ' Material: 2 Each, Fair-Rite Product Corp: #2667540001 
C15 — 1000 pF or equivalent 


C16 — Two Unencapsulated 1000 pF Mica in Series 
C20, C21-— 0.039 uF 

C24 — 10 wF/100 V Electrolytic . 

D1 — 1N4997 or equivalent 

R1 — 10 Ohms/10 W 

R2 — 0.1 Ohm/%2 W 

R3 — 2.7 Ohms/2 W 


All capacitors ATC type 100/200 chips or res alese 
otherwise noted. 


Figure 1. 30 MHz Test Circuit Schematic 


‘MOTOROLA RF DEVICE DATA _ 
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MRF430 oo 
TYPICAL CHARACTERISTICS 


\| | 
| 
BEE 


Pout, OUTPUT POWER (WATTS CW) 
Gpe, POWER GAIN (dB) 


ar 
aden 
be es 
asd 
sm 

a 

Ee 


20 e 18 6 1b 
Pin ‘INPUT POWER WATTS ow) | : a FREQUENCY ‘we eee 
Figure 2. Output Pawar versus Input Power | Figure 3. Power Gain versus Frequency _ 


eo 
rem) 
oO 


= 50V 


600 | = 30, a 001 MHz 


Pout, OUTPUT POWER (WATTS PEP} 
— 
cam) 
(am) 


IMD, INTERMODULATION DISTORTION (dB) 


aes SUPPLY VOLTAGE (VOLTS) : : Pout, OUTPUT POWER (WATTS PEP) 


Figure 4. Output Power versus Supply Voltage _ 3 Figure 5. IMD versus Output Power — 


ic, COLLECTOR CURRENT (AMPS) 
=) 


eo FE a ee 
CCC 
: 
: Ve, COLLECTOR- EMITTER VOLTAGE (VOLTS) . AG Zouuector Sunnent (AMPS) . " 


Figure 6. DC Safe Operating Area Figure 7. fy versus Collector Current 


- MOTOROLA RF DEVICE DATA 


m AMA 


MIRF430 


Vcc = 50V 
Icq = 600 mA 


Rout: PARALLEL EQUIVALENT 
OUTFUT RESISTANCE (OHMS) 


—— f, FREQUENCY (MHz) 
Figure 8. Output Resistance and Capacitance 
versus Frequency 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 


The package of this device is designed for conduction 
cooling. It is extremely importantto minimize the thermal 
resistance between the device flange and the heat 
dissipator. | 

Since the device mounting flange is made of soft cop- 
per, it may be deformed during various stages of handling 
or during transportation. It is recommended that the user 
makes.a final inspection on this before the device instal- 
lation. +0.0005” is considered sufficient for the flange 
bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper 
head spreader is stronaly recommended hetween the de- 
vice mounting surfaces and the main heatsink. It should 
be at least 1/4” thick and extend at least one inch from 
the flange edges. A thin layer of thermal compound in all 
interfaces is, of course, essential. The recommended 
torque on the 4-40 mounting screws should be in the area 
of 4—5 ibs.-inch, and spring type lock washers along with 
flat washers are recommended. 

For die temperature calculations, the A temperature 
from a corner mounting screw area to the bottom center 


Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF x 1000) 


Load 


SE REFLECTION COEFFICIENT O4 


ERT 


Figure 9. Series Equivalent Input linipedaiice 


of the flange is approximately 5°C and 10°C under normal 
operating conditions (dissipation 150 W and 300. W 
respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cool- 
ing is employed. 


CIRCUIT CONSIDERATIONS 


At high power levels (500 W and up), the circuit layout 
becomes critical due to the low impedance levels and 


high RF currents associated with the output matching. 


Some of the components, such as capacitors and induc- 
tors must also withstand these currents. Tne component 
losses are directly proportional to the operating fre- 
quency. The manufacturers specifications on capacitor 
ratings should be consulted on these aspects prior to 
design. 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, 
and the impedance levels are higher for a given power 
output. High power broadband transformers are also eas- 
ier to design than comparable LC matching networks. 


OUTLINE DIMENSIONS 


NOTES: 


_1, DIMENSIONS A AND B ARE DATUMS AND TIS 


| haar MILLIMETERS 
[| MIN | MAX | MIN | MAX | 
BOTH A DATUM AND SEATING PLANE. | A | 37.85 | 3835 | 1.490 | 1.510 


2. POSITIONAL TOLERANCE FOR F DIAMETER. 


INCHES 


$160.25 (010 @ [TIA @ [8B ©] 


{| B [25.15- | 25.65 | 0.990 


3. DIMENSIONING AND TOLERANCING PER 
Y14,5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 


STYLE 1: 
PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 


MOTOROLA RF DEVICE DATA 
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a Icq = 600 mA 
att Pout = 600 W 
Pel Zn 
is MHz ’ Ohms | 
| 30 0.28 ~ j0.12 
15 0.40 — j0.27 
: 7 0.65 — j0.45 
a} 4 1.10 — j0.60 
Hi 2 1.90 — j0.65 | 
sinstsaaa SEs 
Bs aecriaes ee 


MOTOROLA 


ae SEMICONDUCTOR mas 
TECHNICAL DATA 


-MRF433° 


The RF Line 


12.5 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


SILICON RF POWER TRANSISTORS 


.. designed primarily for application as complementary symmetry 
amplifiers in linear amplifiers from. 2.0 to 30 MHz. 


MRF433 — NPN SILICON 


@ Specified 12.5 Volt, 30 MHz Characterisites — 
Output Power = 12.5 W (PEP) 7 
- Minimum Gain = 20 dB 
Efficiency = 50% 


@ Intermodulation Distortion @ 12.5 W (PEP) — 
IMD = -30 dB (Max) 


MAXIMUM RATINGS 


| CSRatting i Symbol] Value 
Satieor Ere Vale | Weep [18 
Bolectordave Voltage | Veso | 38 
Enver Wotage Vp [0 
eT Tce SE 
Total Device Dissipation @ Tc = 25°C STYLE 1: 

Derate above 25°C et ae od PIN : i 
Storage Temperature Range 3. EMITTER 


4. COLLECTOR 


MILLIMETERS| INCHES | 
| MIN | MAX | 


SEATING PLANE 


CASE 211-07 


MOTOROLA RF DEVICE DATA 
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MRF433 


OFF CHARACTE RISTICS 


ELECTRICAL CHARACTER Shits (T 


Symbol ae ee 


= 25°C linless Otherwise noted. ) 


Collector- Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 20 mAdc, tg = 0) 


| Collector-Emitter Breakdown Voltage 
(le = 10 mAdc. Vee =) 


femiar Base Breakdown Voltage 
(le = 2.0 mAdc, Ic = 0) 


| Collector Cutoff Current 

(Voge = 15 Vdc, Vee = 0, Te = 55°C) 
Collector Cutoff Current 

(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTE R RISTICS oo 


ViBR)CES 


V(BR)EBO 


| DC Current Gain . . 
(Ic = 0.5 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vop = 15 Vdc, le =0,f = 1 0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain|1) 
(Vcc = 12.5 Vde, Poy = 12.5 W (PEP), 
Ica = 100 mAdc, f = 30, 30. 001 MHz) 
Collector Efficiency - 
(Voc = 12.5 Vde, Pout = 12.5 W (PEP) 
(f = 30,30.001 MHz) — 
intermodulation Distortion 
(Vcc = 12.5 Vde, Poyt = 12.5 W (PEP), 
lcQ = 100 mAdc, f = 30, 30.001 MHz) 


Series Equivalent Input Impedance 
(Voc = 12.8 Vde, Pout = 12.5 W (PEP), 
ICQ = 100 mAdc, f = 30,30.001 MHz) 
Series Equivalent Output Impedance 
(Voc = 12.5 Vde, Poyt = 12.5 W (PEP), 
IQ = 100 mAde, f = 30, 30.001 MHz) 


(1) Class AB 
(2) Class A 
Bias et Re 
2-10 V 
cCR1% 
RF oc 
Input Ne? 


C2 


C1,C2,C4 170-780 pF, ARCO 469 
c3 CC; 25—280 pF, ARCO 464 


C5,C6 500 WF, 3 V, ELECTROLYTIC 
C7,C9 0.1 MF, Disc Ceramic 

C8 .. 1000 pF Disc Ceramic 

C10,C11 100 uF, 15 V, ELECTROLYTIC 


R110 2, 1/2 Watt 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C3 
R1 
R2 10 Q, 5 Watt L3 
R3,R4 1kQ, 1/4 Watt L4 
R5,R6 10 kQ, 1/4 Watt 
CR1,CR2  1N4001 


L1 3 Turns, #18 AWG, 1/4” 
L2 3 Turns, #16 AWG, 3/8" | 


1.D., 3/16’ Long L5 
D., 1/4"" Long 


MOTOROLA RF DEVICE DATA 
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cs ~ C9 


°2.60-j2.20 


4.80 -j3.00 


L5 
+12.5V 
+ 
C10 ,R5 
ci R6 
+ 
o> RE. 
Age Output . 


10 LH Molded Choke 

15 Turns, #24 AWG Enamaled Wire, 
Closewound on a 100 2, 1 Watt 
Carbon Resistor. 

FERROXCUBE VK200 — 20/4B © 


MOTOROLA 


= SEMICONDUCTOR ayy 
TECHNICAL DATA on | 


The RF Line | 


250 W — 30 MHz 
RF POWER 
TRANSISTOR 
: NPN SILICON 
NPN SILICON RF POWER TRANSISTOR | 


... designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base station. 

equipment. _ 
@ Specified 50 Volt, 30 MHz Characteristics 


Output Power = 250 W 
Minimum Gain = 12 dB 
Efficiency = 45% ie ya 
® Intermodulation Distortion @ 250 W (PEP) — 
IMD = -30 dB (Max) 


@ 100% Tested for Load Mismatch at all Phase Angles with © 
3:1 VSWR 


MAXIMUM RATINGS 


ae eee ae! 


SEATING PLANE 


iiiherandicuent "10 ae ae stv 
, . PIN 1. EMITTER 
Total Device Dissipation @ Tc = 25°C (1) os 400 Watts 2. BASE 
° 1.67 W/°C “3. EMITTER 
Derate Above 25°C & COLLECTOR 
Pe MILLIMETERS | INCHES _ | 
| MIN | MAX | | MAX. | 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal! Resistance, Junction to Case 


|(1) Pp is a measurement reflecting short term maximum condition. See SOAR curve for operating 
conditions. . 


CASE 211-11 


MOTOROLA RF DEVICE DATA 


Q.AQR 


MRF448 


_ ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


. Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 200 mAdc, !p = 0) 


em tflaliseacrn 
c yay iia stor -Emitter Proakdown ¥ ie age 


ee = 100 mAdc, Vp = O) 


ss dee ase Breakdown Voltage 
c= 100 mAdc, le = 0) 


Emitter-Base Brostdown Voltage 
(ig = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS. 


. | DC Current Gain 
(Ic = 5.0 Adc, Vég = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 50 Vac, Ig = O, f = 1.0 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Vcc= 50 Vdc, Pout = 250 W CW, f = 30 MHz, Ic¢g= 250 mA) 


' % (PEP) 
% (CW) 


dB 


Collector Efficiency . 
(Voc = 50 Vde, Pout = 250 W, f = 30 MHz, I¢g = 250 mA) 


Intermodulation Distortion (1) 
(VcE= 90 Vdc, Poyt= 250 W (PEP), Icq= 250 nS 30 MHz) 


Electrical Ruggedness 


(Vcc = 90 Vde, Pour = 250 W CW, No Degradation in Output Power 


£360 MHz, , - : 
VSWR 3:1 at all Phase Angles) | 


(1) To Mil Std 1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C1, C2, C5, C7 — 170-780 pF, Arco 469 CR1 — 1N4997 or equivalent 
C3,.C8, C9 — 0.1 uF, 100 V Erie L1 — 3 Turns, #16 Wire, 0.4” 1.D., 0.3 ” Long 
C4 — 500 uF @6.0V L2 — 0.8 nH, Ohmite Z-235 or equivalent 


C6 — 360 pF, 3x 120 pF 3.0 kV in parallel . L3 — 12 Turns, #16 Enameled Wire Closewound 0.25” 1.D. 

C10 = 10 uF, 100 Vrs L4 — 4 Turns, 1/8” Copper Tubing, 0.6” I.D., 1.0” Long 

Ri —100,10Watt = L5, L6 — 2.0 nH, Fair-Rite 2643021801 Ferrite bead each or equivalent. 
R2— 100, 1 Watt - 


MOTOROLA RF DEVICE DATA 
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MRF448 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


= 30., 30.001 MHz 
Ioq = 250 mA 


f 


CANCE, 
AK 


oo ~ a 
(M2 SLIVM) H43MOd LNdino 4g 


Voc, SUPPLY VOLTAGE (VOLTS| 
FIGURE 5 — RF SOAR (CLASS AB) 


Pin. ae POWER wats . 


FIGURE 4 — POWER GAIN versus FREQUENCY 


30 MHz 


Ica 
Voc 


= 250 mA 
=50V 
TT Th 


f 


Pout versus OUTPUT VSWR 


He 
“Te = 50°C | H 


a 
ee 


~ 
i 


= 250 mA 
= 250 W 


Ica 
Pout 


(QP) NIVD YaMOd ‘349 


Te = 100°C 


30 50 
OUTPUT VSWR 


f, FREQUENCY (MHz) 


_ FIGURE 7 — IMD versus Pout 


FIGURE 6 — fry versus COLLECTOR CURRENT 
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Z. 
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MRF448 


FIGURE 8 — OUTPUT RESISTANCE AND 
CAPACITANCE versus FREQUENCY 


5000 | 


; | 
Vec = 50 V 4 
leg = 250 mA 4000 
Pout = 250 W PEP 


Rout. PARALLEL EQUIVALENT. 
OUTPUT RESISTANCE (GHMS) 
Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


0 
1.5 2.0 4 10 15 20 30 
f, FREQUENCY (MHz) 
FIGURE 9—SERIES EQUIVALENT IMPEDANCE 
co 
seneeiutnaaee 
cor Tec ry, b 
Big Pee sere EE Beach 7S | Vec i Vv 
Sy ore AAG ae 4 . EERE HT Rye Coq | co - isu mA 

6 OS <A ey oT Hi AY Ley LESS 

RSS CURR 

SSS PERO 

Sse LEY : 

OS A ee 0.60 -J0.75 
SSK 5 : 
SSeS SSS } Loe 0.80 -J1.25 
pecs SS SON Pee 25 Ewe) 0 | 1.70 -J1.75 
ARRAN " LRRY ; 3.10 ~J1.80 
CRESS SRE 2) 4.50 -J1.40 

RSS BRIO OX 
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MOTOROLA 
ma SEMICONDUCTOR @ 


TECHNICAL DATA a — _MRF449 
a MRF449A 


_ 30 W — 30 MHz 
RF POWER | 


TRANSISTORS _ 
“NPN SILICON | 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for power amplifier application in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Voit, 30 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 12 dB- 
Efficiency = 50% 


| D | 546 | 597 | 0.216 | 0.235 | 
“mirewren Ea et an Pe 
: 0.10 0.15 | 0.004 | 0.006 
reek | G | 18.29 | 1854 [| 0.720 [ 0.730 | 
ee (_H | 20.07 | 20.67 | 0.790 | 0.810 _| 
acougcror [x 1003 [10.29 | 0.395 | 0405 | 


[| L_| 622 | 648 | 0.245 | 0.256 | 
| aor | 50° | 40° | 0" | 


CASE 145A-09 | 
MRF449A 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBo 
Emitter-Base Voltage VEBO 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


STYLE 1: 
PIN 1, EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


Symbol [Max] 
Thermal Resistance, Junction to Case ReJc | 29 | OC /wW. 


: 5 . F ~ g 


- MOTOROLA RF DEVICE DATA 
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MHE44Y, MHF449A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characteristic ————SSSS~*d;CS bot in <M 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 ~ ~ Vde 
(ic = 100 mAdc, Ig = 0) . 
i Collector-Emitter Breakdown Voltage _ | ViBRICES 40 56 = | Vdc 


| ig = BO mAde, Vag = 0) 


i Collector-Race Breakdown Voltage V(BR)CBO 40 P| Vde 
| (ic = 20 mAdc, IE = 0): | 
Emitter-Base Breakdown Voltage V(BRJEBO 4.0 Vde 
(Ie = 5.0 mAdc, I¢ = 0) aa 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 1.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vop = 12.5 Vde, Ig =0,f=1.0MHz) 
FUNCTIONAL TESTS (Figure 1) . 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, Poyt = 30 W, Ic(max) = 4.0 Adc, 
f = 30 MHz) 


Collector Efficiency 
(Vcc = 13.6 Vdc, Pout = 30 W, Ic(max) = 4.0 Adc, 
f = 30 MHz) 

Series Equivalent Input Impedance 
(Vcc = 12.5 Vde, Pout = 30 W, f = 30 MHz) 


Series Equivalent Output Impedance 
| (Voc = 12.5 Vde, Poyt = 30 W, f = 30 MHz) 


MOTOROLA RF DEVICE DATA 
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MRF449, MRF449A 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


Output 


c1— 14-150 pF, ARCO 424 

C2,C3,C4 — 170-780 pF, ARCO 469 

c5,c8 — ERIE 0.1 uF @ 100 V RED CAPS 

C6 — 1000 pF UNELCO, 350 Vde 

C7 + 10 uF, 35 Vde 

R1 — 100 22,2 W Carbon 

Li — 0.15 WH Molded Choke MILLER 

L2 — FERROXCUBE, VK200-20-4B 

L3 — 3 Turns, #14 Bare Tinned Wire, 0.3" (0.79) 1.D. x 0.38" (0.97) Long 
L4 — 9 Turns, #20 Enamal Wire, Close Wound on R1 

L5 — FERROXCUBE #56-570-65/3B, 5 Ferrite Beads, on 1’ Long #20 Wire 


Input/Output Connectors — Type N 
Board — Glass Teflon Mounted on’a 4” x 4"’ x 2” SEEZAK Box 


FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 

oe 
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wie. 
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Pin, INPUT POWER (WATTS) Vcc, SUPPLY VO LTAGE (VO LTS) 
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MOTOROLA ~ | 
SEMICONDUCTOR samme | MRFE450 


_ TECHNICAL DATA 
MRF450A 


50 W — 30 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


IPN SILICON RFE POWER TRANSISTORS 


mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 50 Watts 
Minimum Gain = 11 dB 
Efficiency = 50% 


CASE 211-07 
MRF450 


. . . designed for power amplifier applications in industrial, com- 


\ ea 


SEATING PLANE 


| _D | 546 | 
| & | 216 | 
| F | 0.10 | 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3, EMITTER 
4. COLLECTOR 


18,29 
20.07 


MAXIMUM RATINGS 


= ~ {| CASE 145A-09 
ity 7 Be 
wnt! 
LJ 


si ¢ MRF450A 


| Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


STYLE 1: 
PIN 1. EMITTER 

2. BASE 

3, EMITTER 

4. COLLECTOR 


“MOTOROLA RF DEVICE DATA 
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MRF450, MRF450A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
: Characteristic 


OFF CHARACTERISTICS 
Collector-E mitter Breakdown Voltage 
(1¢ = 100 mAdc, |p = 0) 
Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Vege = 0) . 
Collector-Base Breakdown Voltage 
(tc = 20 mAdc, IE = 0). 
Emitter-Base Breakdown Voltage 
— (lg = 10 mAdc, Ic = QO) - 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 1.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHAR ACTERISTICS 
Output Capacitance 
(Vop = 15 Vde, IE = 0,f=1. 0 MHz) 
- FUNCTIONAL TESTS (Figure 1) 
| Common-E mitter Amplifier Power Gain 
(Voc = 13.6 Vde, Pout = 50 W, I¢(max) = 6.13 Adc, f = 30 MHz) 
i Collector Efficiency 
(Vcc = 13.6 Vdc, Poyt = 50 W, Ic (max) = 6.13 Adc, f = 30 MHz) 


a 
aca al 
eee pp 


| Series Equivalent Input Impedance 

(Vcc = 13.6 Vdc, Poyt = 50 W; f = 30 MHz) 
| Series Equivalent Output Impedance 

(Vcc = 13.6 Vde, Poy = 50 W, f = 30 MHz) 


MOTOROLA RF DEVICE DATA 


MRF450, MRF450A 


FIGURE 1 — 30 MHz TEST CiRCUIT SCHEMATIC 


L5 


| cs cé | c7K C8136 Vde - 
| UH} __t t_. . 
L3 ) 


i 
& WY» Zed (oy RF 
Output 
C4 
RFE o~ 
Input Oe, ’ L4 Lbs y , 
C2 
C1 — 14-150 pF, ARCO 424 
C2,C3,C4 — 170-780 pF, ARCO 469 
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FIGURE 2 — INPUT POWER versus OUTPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 
3-504 


MOTOROLA 
= SEMICONDUCTOR aa 
TECHNICAL DATA 


| | The RF Line | 


NPN SILICON RF POWER TRANSISTORS 


. . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 60 Watts 
Minimum Gain = 13 dB 
Efficiency = 55% 


MAXIMUM RATINGS 
[Rating sd 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


| Total Device Dissipation @ Tc = 25°C | 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic — ; 
Thermal Resistance, Junction to Case | 


MATCHING PROCEDURE > 


In the push-pull circuit configuration, it is preferred that the tran- 
_ sistors are used as matched pairs to obtain optimum performance. 
The matching procedure used by Motorola consists of measuring 
NFE at the data sheet conditions and color coding the device to 
predetermined hFE ranges within the normal hfe limits. A color 
dot is added to the marking on top of the cap. Any two devices 
with the same color dot can be paired together to form a matched 
set of units. 


3-505 


MOTOROLA RF DEVICE DATA 


- MRF453 
MRF453A_ 


60 W — 30 MHz 


RF POWER 
TRANSISTORS. 


NPN SILICON 


PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS| INCHES 
MIN | MAX 
0.970 | 0.986 
0.465] 0.510 | 
0.229 | 0.275 
(0.216 | 0.235 


0.084 [0.110 | 


0.003 


L ee 3.30 10.115 | 0.130 | 


CASE 211-11 


SEATING PLANE 
WRENCH FLAT 


MRF453A 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
°4. COLLECTOR 


1. 1454-10, USE 10-32NF-24 STUD. 


MILLIMETERS] INCHES 
MIN | MAX | MIN | MAX 
45 [12.95 [0.490 | 0.510 


[10-80 [0.415 [0.425 
22.73 | 0.778 | 0.895 
5.97 | 0.215 | 0.235 
=f 0072[ - 
0.78 | 0.003 [0.007 
=| 04s; - | 
1.80 | 0.065 | 0.075 

45° NOM 
= [0.050 
0,383 | 0.396 
6.151 1 0.177 


CASE 1454-10 


MRF453, MRF453A 


ELECTRICAL CHARS ERIC: nes 25°C unless otherwise noted. } 


rece el ae ene 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | | ViBRICEO 
(Ic = 100 mAdc, Ip = 0) 


| Collector-Emitter Breakdown Voltage V(BR)CES | 


a pa ale 472 - = FY 


i : oon He Pee Ee BE wy 


[Emitter-Ba e Breakdown Voltage _ V(BR)EBO | | a7 
a ue - - wiAde, ig ~ 3} : 
A A 


CN CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 Adc, Voge = 5.0 Vdc) 


DYNAMIC CUBRACTERIS EES 


| Output Capacitance 
(Ven = 12.5 Vde, le = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 


| Collector Efficiency 
“(Vcc = 12.5 Vde, Pout = 60 W, f = 30 MHz) 


Series Equivalent Input Impedance 


ee 

(Vcc = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 

Series Equivalent Output Impedance Bot Ie a ae ae 
(Vcc = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 

Parallel Equivalent Input Impedance Fe eet cea ee 


-(Vec = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 


Parallel Equivalent Output Impedance — Zout 1.75/330 Q/pF 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 


Cc1,C2,C4 ARCO 469 —- L1 3 Turns, #18 AWG, 5/16” 1.D., 5/16" Long ; 


C3. ARCO 466 ; L2 VK200 — 20/4B, FERROXCUBE 

C5 1000 pF, UNELCO | L312 Turns, #18 AWG Enameled Wire, 1/4"' 1.D., 
C6, C7. 0.1 uF Disk Ceramic _ Close Wound : 

C8 . 1000-uF/15 V Electrolytic L4 .3. Turns 1/8'' 0.D. Copper Tubing, 3/8” |.D., 

Ri 10 Ohm/i Watt, Carbon 3/4" Long 


LS 7 FERRITE Beads, FERROXCUBE #56-590-65/3B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 
3-506 


MOTOROLA 


a SEMICONG 
TECHNICAL DATA 


The RE Line 


_ NPN SILICON RF POWER TRANSISTORS 


. . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


® Specified 12.5 Volt, 30 MHz Characteristics — 
. Output Power = 80 Watts . 
Minimum Gain = 12 dB 
_ Efficiency = 50% 


MAXIMUM RATINGS 


Collector-Emitter Voltage Vcceo | ss 2———s|_ de 
Collector-Base Voltage } VCBO_ | 


Collector Current — Continuous Te De 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Storage Temperature Range _ 


THERMAL CHARACTERISTICS 


Symbol | Mex | Unit 


Thermal Resistance, Junction to Case Rec a ae 


MOTOROLA RF DEVICE DATA 


3-507 


MRF454A 


—MRFASS 
MRF454A_ 


80 W — 30 MHz | 
RF POWER | 
TRANSISTORS 


-. NPN SILICON 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER - 
4. COLLECTOR 


A 
SEATING PLANE 


MRF454 


STYLE 1: 
PIN 1, EMITTER 
2, BASE 
3, EMITTER 
4, COLLECTOR 


CASE 145A-10 


MRF454, MRF454A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


erratic SSC~dYSCSCSS mbt Min “tye SMe <TCUnit i 


OFF CHARACTERISTICS 


| ‘Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
| (I¢ = 100 mAdc, Ig = 0) 7 eee ie { | 


Collector-Emitter Breakdown Voltage ~ | ViBRICES 
i (ig = 50 mAdc, Vee = 0) 


[ Emitter-Base Breakdown Voltage PS Evs V(BR)EBO he eae Vdc | 

i (ig = 10 mAde, tc =U) — Pee | 
ON CHARACTERISTICS 

r DC Current Gain 


(I¢ = 5.0 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


1 Output Capacitance C5, | aaa = = - 
(Veg = 15 Vde, fe = 0, f= 1.0 MHz] : 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 80 W, f = 30 MHz) 


Collector Efficiency | 
(Voc = 12.5 Vde, Poyt = 80 W, f = 30 MHz): 


Series Equivalent Input Impedance | Zin 


| (Vee = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 


Series Equivalent Output Impedance Zout 
(Voc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 
| Parallel Equivalent Input Impedance 


(Voc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 


| Parallel Equivalent Output Impedance a 


1.06 2 
1817 pF 
1.19 2 
777 pF 


| (Vee = 12.5 Vide, Pout = 80 W, f = 30 MHz) 


12.5 Vde 


RF 
Output 


c1,C2,C4 ARCO 469 L1 3 Turns, #18 AWG, 5/16” |.D., 5/16" Long 


C3 ARCO 466 L2 VK200 — 20/48, FERROXCUBE 
C5 1000 pF, UNELCO L3 -12 Turns, #18 AWG Enameled Wire, 1/4” 1.D., 
C6,C7 0.1 uF Disk Ceramic Close Wound ; ; 
cs 1000 F/15 V Electrolytic - L4 3 Turns 1/8'' O.D. Copper Tubing, 3/8” |.D., 


R1 10 Ohm/1 Watt, Carbon 3/4" Long ; , 
: L5 7 FERRITE Beads, FERROXCUBE #56-590-65/3B. . 


FIGURE 2 — OUTPUT POWER versus | Pay _ FIGURE 3 — OUTPUT POWER versus 
INPUT POWER . 


Pout, OUTPUT POWER (WATTS) 
Pout, POWER OUTPUT (WATTS) 


0 10 20 30 40 50 60 70 80 90 10 
Pin, INPUT POWER (WATTS) . Vee, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
3-508 


m SEMICONDUCTOR 
ATR 
TECHNICAL DATA ae —- MIRF455 


MRF455A 


The RF Line | 
60 W — 30 MHz © 

RF POWER | 

TRANSISTORS 


NPN SILICON RF POWER TRANSISTORS ff NPN SILICON 


| designed for ‘power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 60 Watts 
Minimum Gain = 13 dB : STYLE 1: : 
Efficiency = 55% . PIN BASE 


2. BASE 
fit 3.EMITTER 
; 4, COLLECTOR 
Ht 


SEATING PLANE 


MAXIMUM RATINGS [MILLIMETERS| INCHES | 


; ——— 7) | Mm [400 {| 500 [apo | 50° _ | 
Total Device Dissipation @ Tc = 25°C | N | 3.81 | 4.67 | 0.150 [ 0.180 | 


Derate above 25°C [a | 2.87 [3.30 | 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


TYLE 1: 
PIN 1, EMITTER 
2. BASE 


MATCHING PROCEDURE os | Nee & COLLECTOR 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain 1 optimum 
performance. 
The matching procedure used by Motorola consists of 
measuring hf¢E at the data sheet conditions and color cod- 
ing the device to predetermined hfe ranges within the 
normal hfe limits. A color dot is added to the marking on oe 
‘top of the cap. Any two devices with the same color dot ee ae 


can be paired together to form a matched set of units. He 


0.178 
| T [| 217 | 254 [ 0.083 | 0.100 | 
[ u | 249 | 3.35 | 0.098 [0.132 


CASE 145A-09 


MOTOROLA RF DEVICE DATA _ 


3-509 


MRF455, MRF455A 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted. ) 


Characteristic 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage | | V(BR)CEO 18 _ Vde 
(i¢ = 100 mAdc, Ig = 0) | | | | | 
Collector-Emitter Breakdown Voltage | V(BR)CES | 36 | a i |  Vde 
iic = 50 MAC, VRE =U) 


‘Emitter-Base Breakdown Voitage ) { V(BR)EBO | ia | | Vde | 
(ip = 10 mAdc, Ic = U) | | 


ON CHARACTERISTICS 


DC Current Gain 
| (I¢ = 5.0 Adc, Vcog = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


c, le ~ O, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain | Gpe Hae fF EH 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) | 
| Collector Efficiency | ) | n 
Series Equivalent Input Impedance i 1.66-j. one ~ Ohms 
Series Eauivelens Output slg orem 1. 734. 188 | Ohms 
| Parallel Equivalent arr impedance Zin | 2.09/1030 | Q/pF 
| Parallel EcuNelaat Gamat Eee Zout | 1.75/330 2/pF 


L5 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C5 a0 gt C6 C7 gn a8 cs 12.5 Vde 


RF 
“ Guiput 
RF 
Input 
ct, C2, C4 ARCO 469 : L1 3 Turns, #18 AWG, 5/16" !1.D., 5/16" Long 
C3 ARCO 466 L2 VK200 — 20/4B, FERROXCUBE 
C5 1000 pF, UNELCO L3 12 Turns, #718 AWG Enameled Wire, 1/4" 1.D., 
C6,C7 0.1 uF Disk Ceramic Close Wound - 
C8 1000 iF/15 V Electrolytic L4 3 Turns 1/8'’ O.D. Copper Tubing, 3/8" 1.D 
Rt 10O0Ohm/1 Watt, Carbon 3/4°" Long : 
‘ L5 7 FERRITE Beads, FERROXCUBE #56-590-65/3B . 
FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout, POWER OUTPUT (WATTS) 


Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
3-510 


MOTOROLA | | 
@ SEMICONDUCTOR as | MRF458 


TECHNICAL DATA 
oe MRF458A 


Oo The RF Line 


80 W—30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | 
: ae | | NPN SILICON. | 


... designed for power amplifier applications in industrial, 
commerical and amateur radio equipment to 30 MHz. 


® Specified 12.5 Volt, 30 MHz Characteristics — 


Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% | . 
® Capable of Withstanding 30:1 Load VSWR @ Rated Pout and Vcc 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
SEATING PLANE ; - 4 COLLECTOR 


[MILLIMETERS| INCHES _| 
min [MAX | MIN | MAX | 

PA | 24.64 0,980 
MAXIMUM RATINGS RT eC ORELOSIOT 
Pe | 5.82 | 6.98 [0.229 | 0.275 | 


Rating — Symbol i [po | 5.46 | 
E | 2.13 
F | 008 | 0.18 


: - 0.730 
- : 
Emitter-Base Voltage . M 459 NOM 45° NOM 211-11 
nN | 3.66] 4.52 | 0.144 [| 0.178 
Collector Current — Continuous 0. 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range : 


THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case . TT | 
MRF458A 


OTE: 
MATCHING PROCEDURE . 1 1454.10, USE 10-32NF-2A STUD. 
onal ng tenes] dees 
| MIN | 


| MAX | MIN | 
transistors are used as matched pairs to obtain optimum performance. CS RLLLLERG IRL ‘STYLE ?: 


In the push-pull circuit configuration, it is preferred that the 


The matching procedure used by Motorola consists of measuring pe 19.88 [2273 | A 77s | Ose | PIN awe 
3. EMITTER 


hfe at the data sheet conditions and color coding the device to Se TOR 
predetermined hFF ranges within the normal hFE limits. A color dot ; 
is added to. the marking on top of the cap. Any two devices with the 


same color dot can be paired together to form a matched set of units. 
CASE 145A-10 


MOTOROLA RF DEVICE DATA 


3-511 


MRF458, MRF458A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vde 
(Ic = 100 mAdc, Ip = 0) 


| Collector-Base Breakdown Voltage V(BR)CBO 
: Gig = 58 mAdc, ig — 0) | 


3 | i 
Emitter-Base Breakdown Voltage V(BR)EBO _ Vdc | 
H (le = 18 mAds, i¢ 7 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


| Output Capacitance 
(Vcp = 15 Vdc, Ie =0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 80 W, f = 30 MHz) 


Intermodulation Distortion 
(Voc = 12.5 Vdc, Pout = 70 W PEP, f = 30, 30.001 MHz 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


RF 
Output 


C1,C2,C4 — ARCO 469 L1—3 Turns #18 AWG, 5/16” 1.D., 

C3 — ARCO 466 5/16" Long 

cS — ERIE 0.1 uF, 100 V L2,L5 — VK200 — 20/4B, FERROXCUBE 
C6 — 500 pF, 15 V Electrolytic L3 — 12 Turns, #18 AWG Enameled Wire, 
C7 — 1000 pF, UNELCO 1/4” 1.D., Close Wound 

C8,C9 — 0.1 uF Disk Ceramic L4 — 3 Turns 1/8"" O.D. Copper Tubing, 
C10 — 100 uF, 15 V Electrolytic 3/8” 1.D., 3/4” Long 

CR1 — 1N4997 : L6 — 7 FERRITE Beads, FERROXCUBE 
R1— 10 Q, 25 Watt Wirewound #56-590-65/3B 


R2 — 10 Ohm, 1 Watt, Carbon 


*NOTE: For Class C operation bias network (R1, R2, CR1, C5, C6, L5) is not used. 
For Class AB operation L2 is not used. | 


MOTOROLA RF DEVICE DATA 
3-512 


MRF458, MRF458A 


TYPICAL PERFORMANCE CURVES 


- FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 3 — OUTPUT RESISTANCE versus FREQUENCY 


Rout PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


leg = 100 mA a 


Pout = 70 W PEP 
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FIGURE 4 — OUTPUT CAPACITANCE versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


MRF458, MRF458A 
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MOTOROLA RF DEVICE DATA 
3-514 


MOTOROLA = , 
= SEMICOND 
TECHNICAL DATA | 


| MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C | INCHES | 
Derate above 25°C ia: | MIN | MAX_| 
Storage Temperature Range _-65 to +150! |B | 11.81 | | 0.465 | 0.510 | 
| | D | 5.46 | 5.97 | 0216 | 0.235 

PE | 2.13 | 2.79 [0.084 [0.110 | 

| F | 0.08 | 0.18 [ 0.003 | 0.007 | 

|G. | 18.29 | 18.54 | 0.720 | 0.730 | 

| K | 11.05] - [0435] - | 

0.246 


UCTO 


The RE Line 


40 W (PEP) — 30 MHz. 


RF POWER 
TRANSISTOR | 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


. . . designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 40 W (PEP) 
Minimum Gain = 12 dB 
Efficiency = 40% 


® {ntermodulation Distortion at Rated Power Output — 
IMD = -30 dB (Max) 


® \sothermal-Resistor Design Results in Rugged Device 


® Replacement for 2N6368 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MOTOROLA RF DEVICE DATA 


3-515 


MRF460 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) : | aS 
a 
OFF CHARACTERISTICS | | 


Collector-Emitter Breakdown Voltage 
(tc = 100 mAdc, Ip = O) 


Coliector-E mitter Breakdown Voitage 
(tc = 100 mAdc, Vge_E = 0) 


” Emitter-Base Breakdown Voltage 
(te = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 12.5 Vde, Vege = 0, Tc = +55°C) 


ON CHARACTERISTICS 


i DCCurrentGain | | hee | 
(Il¢ = 1.0 Adc, Vcg = 5.0 Vde) 20 40 
DYNAMIC CHARACTERISTICS 
~ Output Capacitance 
(Vcp = 12.5 Vdc, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 40 W (PEP), Ic = 4.7 Adc Max, Vcc = 12.5 Vde, 
Ico = 50 mAdc, f4 = 30 MHz, fo = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pout = 40 W (PEP), Ic = 4.7 Adc Max, Voc = 12.5 Vde, | 


ICQ = 50 mAdc, £4 = 30 MHz, fo = 30.001 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 40 W (PEP), Ic = 4.7 Adc Max, Vcc = 12.5 Vdc, 
ICQ = 50 mAdc, fy = 30 MHz, fo = 30.001 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


VBB 
L5 
Voc 
+ 
1N4719 ¥ C5 C6 C7 C8 
soo FF 
| = =, C4 = 
Le = RE 
LI <a a C)-7 output 
RF oN : f : 
INPUT Ned \ Bey C3 L3 
C1 . : . 
|. . 
— = , C1 80-480 pF ARCO 466 
C2,C3,C4 170-780 pF ARCO 469 
| | "C8 .C8 (0.01 uF 
| R1 | C6 500 uF 
| l C7 1000 pF UNELCO 
[: 7 L1 21/4 Turns #18 AWG, 1/4°°1.D., 1/4” Long (35 nH) 


L2 7 Turns, #20 AWG Enameled, Close Wound, 1/4" 1.0., (0.2 pH) 
3 Turns, #14 AWG, 1/4" L.D., 1/4” Long (45 nH) 
L4 10H RFC 

L5 RF Choke Ferroxcube VK200-20-4B 

R110 Ohms, Wirewound, 1-W (0.25 wH Inductance) 


| 
& 


MOTOROLA RF DEVICE DATA 
3-516 


MRF460 


Pout, OUTPUT POWER (WATTS) 


Imp, INTERMODULATION DISTORTION (dB) 


Rout- PARALLEL EQUIVALENT OUTPUT 
RESISTANCE (OHMS) — 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pin, INPUT POWER (WATTS) 


OUTPUT POWER 


~ FIGURE 4 — INTERMODULATION DISTORTION versus 
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FIGURE 6 — OUTPUT RESISTANCE 


versus FREQUENCY 
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MOTOROLA RF DE 


3-517 


CAPACITANCE (pF) 


FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 7 — OUTPUT CAPACITANCE 
versus FREQUENCY 


15 20 3.0 6.0 7.0 10 15 20 30 


VICE DATA 


MRF460 


FIGURE 8 — DC SAFE OPERATING AREA _ 
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MATCHING PROCEDURE 


-In the’ push-pull circuit configuration two device parameters 
are critical for optimum circuit performance. These parameters 
are VgE(on) and hfe. Both parameters can be guaranteed by 
measuring Icqg of the devices and selecting pairs with a Alcg < 10 
mAdc. ; 

Actual Icq matching is performed in the MRF460 test circuit 
with a VcE equal to 28 Volts. The base bias supply is adjusted to 
set IcQ equal to 40 mAdc using a reference standard MRF 460. 
The production MRF460s are tested and categorized in ranges 
of 10 mAdc. Finally, the devices are stocked as pairs with a guar- 
anteed Alcq < 10 mAdc. 


FIGURE 9 — SERIES EQU IVALENT IMPEDANCE 
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APPLICATIONS INFORMATION 


The MRF460 transistor is designed for linear power amplifier 
operation in the HF region (2 to 30 MHz). It features guaranteed 
“linear amplifier performance rather than the canventional perform- 
ance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 


problems. With a single frequency driving signal, the only spurious -. 


signals generated are harmonics and these can be supressed in the 
amplifier tuned networks and output filter. 
For single sideband (SSB), low level amplitude modulation (AM), 
and other types of complex signals, class C operation is generally 
not satisfactory. For instance, when a signal contains multiple 
frequencies at close spacings, odd-order non-linearities will gener- 
ate spurious outputs which are within the passband of the tuned 
circuits and filters; therefore, the spurious outputs are not sup- 
pressed before they reach the antenna or other load. As a result, 


*“Class C’’, as used here reters to operation with the no signal con- 
ditions lc = 0, and Vge = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 180°. 
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such complex: signals require linear amplification if the amplified 
signal is to be free of spurious outputs.~ 

A detailed. analysis of spurious signals generated by non-linear- : 
ities and Jinearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip- 
tion of the MRF460 characterization curves and general informa- 
tion on solid-state linear power amplifier design. 


The Two-Tone Test 


The MRF460 functional test specifications consist of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. A 
‘two-tone test signal is used with the test amplifier as shown in 
Figure 1. ; 

The two-tone test is one of many methods commonly used for 
testing linear amplifier performance. This test involves driving the 
amplifier with two RF signals, of equal amplitude, separated in 
frequency from each other by approximately 1 kHz. 


4 


MRF460 


APPLICATIONS INFORMATION (continued) 


When a two-tone test signal consisting of frequencies f4 and fo 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are fur- 
ther classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 


etc. The 3rd and 5th order IMD products are usually the most - 


significant encountered with linear power amplifiers. Data on both 
3rd and 5th order IMD are inelnce? in the MRF460 characteri- 


zation. 
Third order IMD generates spurious signals near the operating 


frequency at frequencies 2f4 — f2 and 2f2 — f4; and 5th order IMD 
spurious are at mequeneles 3f4 — ae and Be — 2F4. 


Specinieatisne and Characterization — 


The two-tone functional amplifier test is performed in a manner - 


identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the MRF460 requires driving 
the test amplifier with a two-frequency signal and eaedving power 
output, gain, efficiency, and linearity. 

Power output, gain and efficiency measurement methods are 
the same for both linear and class C amplifier. 

Since a multiple frequency test signal has an instantaneous 
power level which varies with time, power levels are normally ex- 
pressed in peak envelope power (PEP). This is the average power 
level of the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal 
amplitudes and different frequencies, the relationship of average 
power and PEP is given by the following expression: 


PEP 
Average power = ww 
where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 


to one of the two desired frequencies is then expressed asa power: 


ratio in decibels (dB). This is repeated for the 5th order products. 
The smailer of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics Srecitica vans as intermod- 
ulation distortion ratio (IMD). 


MRFE460 Performance Curves 

Figures 2 and 3 show typical power output and gain charac- 
teristics versus frequency and/or input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test. signal was used rather 
than a single frequency signal. 

The curves shown in Figure 4 are unique to transistors charac- 
terized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The MRF460 features guaranteed IMD performance at the -30 
dB jevel. However, the designer may desire IMD greater or less 
than -30 dB for a particular application. Figure 4 provides data 
on IMD levels that can be expected as a function of output power. 


REFERENCES 


1. Pappenfus, Bruene, Schoenike, 


Circuits’’, McGraw-Hill. 


Figure 5 reflects the power output that can be obtained at a 
fixed IMD ratio for operation with dc supply voltages other than 
12:5 Vdc. 

Figures 6 and 7 show the large signal impedance character- 
istics of the MRF460. These are similar to curves shown on 
other Motorola data sheets except a two- -frequency test signal was 
used panies than a single frequency signal. 


It must be stressed that the data shown in Figures 6 and 7 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
apower amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 


_ Linear Amplifier Design 


The following: is a discussion of some general design considera- 
tions for solid-state linear: power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the 
introduction, class C operation usually involves a collector dc supply 
as the only bias voltage with Ve = Vp =0. Thecollector current 
is zero until the input RF signal turns the transistor ‘‘on 

In contrast, alinear amplifier is normally. operated with forward 
bias and some collector current flowing when.no signal is present. 

The magnitude of no-signal collector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
current for the MRF460 was found to be approximately 50 mA. 

- The key to bias circuitry for good linearity lies in maintaining 
the base-emitter dc voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself ‘‘off’’ with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 


~ Temperature effects also complicate the situation, since VBE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for ther- 
mal coupling to the transistor. A sample-of this technique is shown 
in the test circuit of Figure 1. The reader is referred to reference 
3. for a detailed description of the operation of this bias circuit. 
It is also possible to use complex active circuitry for biasing, and 
some rather exotic schemes have been developed to provide the 
same results. 


Another important consideration is the saliecioe -output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high har- 
monic impedances; therefore, some experimentation with network 
configuration is in order. Proper impedance matching remains the 


“primary factor in both input and output network design. Further, 


it must also be stressed that the collector load impedance should 
be designed for the PEP, not the average power output. See Chapter 
13 of Reference 1 for a detailed discussion of network design con- 
siderations. _ 
Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagina- 
tion. Of course, negative RF feedback involves a decrease in gain 
to improve linearity. . 


“Single Sideband Principles and 


2. Hejhall, ‘“Systemizing RF Power Amplifier Design“, Motorola 
Semiconductor Products Inc., Application Note AN-282A. 


3. Hejhall, “Solid-State Linear Power Amplifier Design,’’ Motorola 
Semiconductor Products Inc., Application Note AN-546. 
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TECHNICAL DATA 
MRF4G4A 


| ; The RF Line | 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


. Gesigned primarily for applications as a high-power linear ampiitier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 


®@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 80 W (PEP) | 
Minimum Gain = 15 dB 
Efficiency = 40% : 
intermodulation Distortion = ~32 dB (Max) 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 


3. EMITTER a 
4, COLLECTOR ff 


MAXIMUM RATINGS _ | | : - - —— | al 


SEATING PLANE 


MILLIMETERS| INCHES | 


BM. MIN [MAX [ MIN [ MAX | 
94.38: | 25.1! 


I Collector-£ Emi ittar Viale tag Veen 


www ws "“GCeU 


| | Collector Current — Continuous 


| | Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


_ THERMAL CHARACTERISTICS 


a 
| Thermal Resistance, Junction to Case Rec Pom 
[Stud Torgue at 


(1) Case 1454-08 — For Repeated Assembly Use 11 In. Lb. 


PIN 1, EMITTER 
2. BASE 
-3, EMITTER 

4, COLLECTOR 


. MATCHING PROCEDURE 

In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to.obtain optimum | 
performance. : 

The matching procedure used by Motorola consists of 
measuring heE at the data sheet conditions and color cod- 
ing the device to predetermined hee ranges within the — 
normal hfe limits. A color dot is added to the marking on 


top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. 


NOTE: 
1. 1454-10, USE 10-32NF-2A STUD. 
LIMES ETERS | tt a | 


| MIN | MAX | 

a eee Cea Loe 
pease 10.80 | 0.415 | 0.425 | 
| ¢ | 19.68 | 22.73 | 0.775 | 0.895 
|b | 546 [ 597 | 0.215 | 0.235 | 
VE | 193 [ — | 0072 | — | 
[ J [ 008 | 0.48 | 0.003 | 0.007 | 
LK | as | —_t oasd | 
Pi fae Ef anes 808 
| 45°NOM_ | _—48°NOM_ 
Ppt — | ia ft — | 00650 | 
| R | 9.73 | 10.06 | 0.383 | 0,396 | 
|S | 384 | 450 | 0.151 | 0.177 
| T | 211 | 254 | 0.083 
Lu | 249 | 3.35 | 0.098 | 0.132_| 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Vge = O) 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 28 Vdc, Vege = 0, Tc = +55°C) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 0.5 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Vee * 28 Vde, 
fy = 30 MHz, f2 = 30.001 MHz) 


Intermodulation Distortion Ratio (Figure 1) 
(Pout = 80 W (PEP), tc = 3.6 Adc (Max), Vcc = 28 Vdc, 
fy = 30 MHz, fo = 30.001 MHz) 


Collector Efficiency 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vdc, 
fy = 30 MHz, fz = 30.001 MHz) 


FIGURE 1—30 MHz TEST CIRCUIT 
. RE BEADS 
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| FLAL_F 
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. F 
1N248B | ean 0.01 yF 25 u 
RL 2509 
(ian: 


28 Vdc 


0.1 uF es 


~ ARCO 466 
(80-480 pF} 


ARCO 469 
(170-780 pF) 


RFC: 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS, 1/4”'1.D. Vee adjusted for Ica: 40 mAde (Ic q'= Quiescent 
Ti: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS 137-7 TOROID _ Collector Current) 
CORE CENTER TAPPED. 
T2: 1:9 XFMR; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. Ct — 170-180 pF ARCO 469 or Equiv. 
(8 CRESTS PER INCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown C2 ~ 330 pF 
RF BEADS: FERROXCUBE #56-590-65/3B ; 
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cer 2 ~ OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY _ 
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FIGURE 3 — POWER GAIN versus FREQUENCY 


Gpe, POWER GAIN (dB) 


Vec = 28 Vde 
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_ FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
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FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 9 — SERIES INPUT IMPEDANCE | 


ae a 


cl 
. 


A 
ss 


a 
lw 
a. < 
=- 
3> 


28 Vdc 
40 mA 


~ 


Vcc 
Ica 
Pout 


KS 
RS 


YY 


sy 


{ 


MOTOROLA RF DEVICE DATA. 


R-F92 


MOTOROLA 
TECHNICAL DATA 


40 W (PEP) 30 MHz 


NPN SILICON RF POWER TRANSISTOR RF POWER 


TRANSISTOR 

designed primarily for applications as a high-power amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base 
station equipment. 


® Specified 28 V, 30 MHz Characteristics — 
Output Power = 40 W PEP or CW 
Minimum Gain = 15 dB 
Efficiency = 40% 
Intermodulation Distortion d3 = -30 dB Max 


NPN SILICON 


® Guaranteed Ruggedness 


@® 2N5941 Replacement 


MAXIMUM RATINGS 


Collector-Emitter Voltage : VCEO 


| Collector-Base Voltage : VcCBO ee ee 
| Emitter-Base Voltage VEBO 4.0 Vde 


Loiiector-Current — Continuous 


| Tota! Device Dissipation @ Tc = 25°C (1) 175 
Derate above 25°C 1.0 


Storage Temperature Range 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 
(2) Thermal Resistance is determined under specified RF operating conditions by 


infrared measur i : 
e ement techniques SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 
MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of measuring 
hfe at the data sheet conditions and color coding the device to 
predetermined hfe ranges within the normal hr¢ limits. A color dot 
is added to the marking on top of the cap. Any two devices with the 
same color dot can be paired together to form a matched set of units. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbol a a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 100 mAdc, Ip = O) : 

Collector-Emitter Breakdown Voltage V(BRICES ~ 
(Ic = 100 mAdc, Vege = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 
(le = 1.0 mADC, Ic = 0) 


I 
' 
By 
il 


Collector Cutoff Current 
(VcE = 28 Vdc, Veg = O) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.5 Adc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 28 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS . 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 40 W (PEP), f1 = 30 Miz, 
f2 = 30.001 Mkz, Icq = 20 mA) 


Collector Efficiency 
(Vcc = 28 Vde, Poy = 40 W (PEP), f1 = 30 MHz 
f2 = 30.001 MHz, Icg = 20 mA) 


Intermodulation Distortion (1) 
(Vcc = 28 Vde, Poyt = 40 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 20 mA) 
Load Mismatch No Degradation in Poutput Power — 
(Vcc = 28 Vde, Poyt = 40 W (PEP), fe 30 MHz, 
VSWR = 30:1 All Angles) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 71 — 30 MHz TEST CIRCUIT 


' RF Beads 
VBB 
fe oo Oe oe ‘ 
+ + 
500 pF f1N248B >< 0.01 uF 2000'PE 3001 uF 2ouh . savae 
= | Button ~ 
| orn: ae ane RL = 500 
= RFC = a 
ARCO 466 0.1 pF wy, 
(80-480 pF) j 
T1 
C2 ci 
RFC: 20 Turns #18 AWG Enameled Wire Close Wound in 2 Layers, VpB adjusted for Icg: 20 mAde (tcq = Quiescent 
1/4” LD. Collector Current) 
T1: 20 Turns #24 AWG Wire Wound on Micro Metals T37-7 C1 — 80-480 pF, ARCO 466 or Equiv 
Toroid Core Center Tapped. C2 — 220 pF 


T2: 1:9 XFMR; 6 Turns of 2 Twisted Pairs of #28 AWG Enameled 
Wire (8 Crests per Inch) Bifilar Wound on each of 2 Separate 


Balun Cores. 
(Stackpole #57-1503 No. 14 Material) Interconnected as shown.. 


RF BEADS: Ferroxcube #56-590-65/3B 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER | 


Vec = 28V 
f = 30 MHz 
Icq = 20 mA 


Pout OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY 
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~ FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
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FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 8 — SAFE OPERATING AREA | 
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FIGURE 9 — SERIES INPUT IMPEDANCE 
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The RF Line 


12 W (PEP) — 12 W (CW) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


| 

| ... designed primarily for use in single sideband linear amplifier 

| output applications in citizens band and other communications | 
equipment operating to 30 MHz. 


@ Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation. 


® Specified 13.6 V, 30 MHz Characteristics — 
Output Power = 12 W (PEP) 
Minimum Efficiency = 40% (SSB) 
Output Power = 4.0 W (CW) 
Minimum Efficiency = 50% (CW) 
Minimum Power Gain = 10 dB (PEP & CW) 


@ Common Collector Characterization 


MAXIMUM RATINGS 


Pp S—SC*éRating Ss Symbot | Value 
Collector-Emitter Voltage © VCEO ag. de 


18 
Collector-Base Voltage 48 


Collector Current — Continuous 
Derate above 50°C 0.1 w/°c 
Temperature Range ie . 


FIGURE 1 — COMMON-EMITTER TEST CIRCUIT | 


J SECT A-A 


BASE . NOTE: 

COLLECTOR 1. DIM. L & H APPLIES 
EMITTER TO ALL LEADS. 
COLLECTOR 

c4 


RFC1 


Adjust for ICQ = 20 mA 


ARCO 466 Trimmer Capacitors RFC1 10 wH Moided Choke 

1000 uF, 3.0 Vde Electrolytic RFC2 15 Turns #20 AWG Wire 

0.1 uF Disc Ceramics on 5.6 kQ2, 

100 WF, 15 Vede Electrolytic 1.0 Watt Carbon Resistor 

10 2, 5.0 Watt Resistor RFC3 5 Ferroxcube, #56-590-65/3B, 
10 2, 1.0 Watt Resistor Beads on #18 AWG Wire 

2.2 LH Molded Choke D1 1N4997 

4 Turns #18 AWG Wire, 

1/2” |.D., 5/16" Long 


79 | 0.08 

1.39 | 0.045 
5.97 | 6.48 | 0.235 
0.030 


CASE 221A-02 
TO-220AB 


MOTOROLA RF DEVICE DATA 
3-528 


MRF475 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) . 


Symbol [Min | Typ | Max | Unt] 


OFF CHARACTERISTICS as 

(team ee ee a ee 
(I¢ = 20 mAdc, tp = 0) | 

[enone oe ee ee ne ape 
(Ic = 50 mAdc, Vee = 0) 7 

eee ia ee ee ee 
({e = 5.0 mAdc, Ic = 0) 

PaO a fee Ee ee ed 
(Vcp = 25 Vdc, Ie = 0) 

__ ON CHARACTERISTICS | | 


DC Current Gain hFE 30 
(Ic = 500 mAdc, Veg = 5.0 Vac) 


DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Veg = 13.6 Vdc, Ig = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (SSB) 

Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, *Poyt = 12 W, f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 20 mA) 

Collector Efficiency 
(Vcc = 13.6 Vde, *Poyt.= 12 W, £1 = 30 MHz, 
£2 = 30.001 MHz, Icq = 20 mA) | 

intermodulation Distortion os 
(Vcc = 13.6 Vde, *Poyt = 12 W, £1 = 30 MHz, 
#2 = 30.001 MHz, tcg = 20 mA) . 

FUNCTIONAL TESTS (CW) 

Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, Poyt = 4.0 W, f = 30 MHz) 

Collector Efficiency | a 
(Vcc = 13.6 Vde, Poyt = 4.0 W, f = 30 MHz) 


| Percentage Up-Modulation (1) : 
(4.0 W Carrier) .° : 


IMPEDANCE CHARACTERISTICS 


Series Equivalent Input 
Series Equivalent Output Vcc = 13.6 Vde 


Po = 12 W (PEP) 
f = 30 MHz, Icg = 20mA 


Parallel Equivalent Input 


Parallel Equivalent Output out 


*PEP 
(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (P,) to 4.0 Watts with Vcc = 13.6 Vde and 
noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver modulation. 


PEP 
Percentage Up-Modulation = — -1] e100 
. Po 


MOTOROLA RF DEVICE DATA 
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a FIGURE 3 — INTERMODULATION DISTORTION 
FIGURE 2 — OUTPUT POWER versus INPUT POWER versus OUTPUT POWER 


Veg = 13.6 Vde 
Ico = 20mA 
f = 30,30.001 MHz 


Pout, CUTPUT POWER (WATTS) 


IMD, INTERMODULATION DISTORTION (dB) 


0 4.0 8.0 12 16 _ 20 


- Pin, INPUT POWER (WATTS) Pout, QUTPUT POWER (WATTS PEP) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — OUTPUT CAPACITANCE versus FREQUENCY 


Veco = 13.6 Vde ei Se ae 
[eee eee 
re eee een 
Pe a ae Seti eS es 


Icg = 20mA 
f = 30,30.001 


Pout OUTPUT POWER (WATTS PEP) 
Cou, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


a 
Corr 


Vec, SUPPLY VOLTAGE (VOLTS) : FREQUENCY are 


30 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY FIGURE ,7 — POWER GAIN versus FREQUENCY 
10 


Vcc = 13.6 Vde 
Ico = 20 mA 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 
o 
Gpe, POWER GAIN (dB) 


FREQUENCY (MHz) FREQUENCY (MHz) 
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FIGURE 8 — IMPEDANCE COORDINATES — 50-OHM CHARACTERISTICS IMPEDANCE 
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SSE 
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SS 1 15 0-j3. 
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seca 
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FIGURE 9 — COMMON-COLLECTOR TEST CIRCUIT 


RFC3 


c1,5 — ARCO 466 Trimmer Capacitors L1 — 0.33 2H Molded Choke 

C2 — ARCO 463 Trimmer Capacitor L2 — 4 Turns #18 AWG Wire, 1/8” 1.D., 5/16” Long 

C3,4,7 — 0.1 uF Ceramic Disc RFCi — 18 wH Molded Choke 

C6 — ARCO 469 Trimmer Capacitor RFC2. — 15 Turns #20 AWG Wire on 100 2, 1.0 W Carbon Resistor 
cs — 100 uF 15 Vde Electrolytic RFC3 — Ferroxcube, #56-590-65/3B, Beads on #18 AWG Wire 
R11 — 250 2, 2:0 W. Potentiometer 

R2 -i— §.1 Q, 1/2 W Resistor 


R3 — 5192, 2.0 W Resistor 
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| ’ ; - MRF476 


The RE Line 


3.0 W (PEP)—3.0 W (CW) — 30 MHz 


te RF POWER 
NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


NPN SILICON 
... designed primarily for use in single sideband linear amplifier 
output applications in citizens band and other communications 
equipment operating to 50 MHz. 


@® Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation 


@® Specified 12.5 V, 30 “Hz Characteristics — 


Output Power = 3.0 W (PEP) 
Minimum Efficiency = 40% (SSB) 
Output Power = 3.0 W (CW) . 
Minimum Power Gain = 15 dB (PEP) 


@ Cammon-Emitter Characterization 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 18 | de 
. BASE 1. DIM. L & H APPLIES 
2. COLLECTOR TO ALL LEADS. 


. EMITTER 
. COLLECTOR 


36 
Total Device Dissipation @ Ta = 25°C (1) ce ae Watts 
Derate above 25°C 57.2 mw/°c_ | 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


Pace MILLIMETERS| INCHES | 
| MIN | MAX | 


| A | 15.11 | 15.75 | 0.595 | 
29 | 0.380 


THERMAL CHARACTERISTICS 


[characteristic | Svmbot_[ Max [Une 
Thermal Resistance, Junction to Case : ReJc 


led 
sd | 
coj— 


i — 
a Al-|8 
- COfeasi sy 

= 
SP]—]n9 |b [en] —| 
> ~~ GI IROTNO 
[oa] wo Gols is 


S|o|2 
fom) — 
[=<] wo 
Qo o 


0.76 | 1.27 


CASE 221A-02 
TO-220AB 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) ae 


OFF CHARACTERISTICS 
Sgcimarigeo | eee | at 
(I¢ = 10 mAdc, Ip = 0) — “4 
Collector-Emitter Breakdown Voltage . ew re ee ee 
(I¢ = 25 mAdc, Vee = 0) — | 


Emitter-Base Breakdown Voltage _ V(BR)EBO 4.0 
(Ile = 1.0 mAdc, Ic = 0) ° 

Collector Cutoff Current . | ICBO ~ mAdc © 
(Vop = 15 Vde, le =0) ~ | e Cee. & 


ON CHARACTERISITCS 

DC Current Gain 
(I¢ = 250 mAdc, Vcg = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vcp = 12.5 Vdc, le = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (SSB) 

Common-Emitter Amplifier Power Gain — : 
(Voc = 12.5 Vde, Poyt = 3.0 W (PEP) f1 = 30 MHz, 
#2 = 30.001 MHz, ICQ = 20 mA) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 3.0 W (PEP) f1 = 30 MHz, 
-f2 = 30.001 MHz, ICQ = 20 mA) 
Intermodulation Distortion - 
(Vcc = 12.5 Vde, Pout = 3.0 W (PEP) f1 = 30 MHz, 
f2 = 30.001 MHz, ICQ = 20 mA 


50 MHz PERFORMANCE 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 3.0 W, f = 50 MHz) 


Pe RFC3 
+O , ya ; 
+ C4 + ce 
D1 
aT ae C5 C6 cs C9 | 
-O | ] t J J QO - 
RFC1 <||RFC2 
C7 
RF 
oN ‘ 
C1 bd \ed < Output 
ae TUT : 
Input \ 9 = 
L2 
C2 R2 

C2 — Arco 466 Trimmer | RFC1 — 10 MH Molded Choke , 
C1, C7 — Arco 469 Trimmer . , ~-RFC2 — 1.9 WH Molded Choke (Ohmite Z-144) 
C3 — 500 uUF,3.0 V Electrolytic . RECS — 6 Ferroxcube Beads on #18 AWG Wire 
C4, C5, C8 — 0.1 uF Erie Redcap ve oe 
C6 — 1000 pF UNELCO Be 
C9 — 100 uF, 15 V Electrolytic Board — G10, 2-sided 2 oz. Copper Clad 
R1 ~— 33 2.5 W Wire Wound Connectors — Type N 


R2 — 50 22 1/2 W Carbon 


L1 — 0.22 tH Moided Choke 
L2 —~5 Turns #18 Enameled Wire, 1/4’ ID 


| MOTOROLA RE DEVICE DATA 
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FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


(a (ee se as 
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oon ee ee ae, E 
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ee ae S 
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Es Vee = 12.5 V Xe =} 
cae a a FS 3 | | 
Poe etc OSIUIS setae sie nt) esata! 
|e me ate es | 
1h 2.0 500 < 50 70 10 15-20 30 | 
f, FREQUENCY (MHz) 7 P;,, INPUT POWER (mW) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
5.0 5.0 
d3) = -35 dB 
4.0 ICO =20mA 


f = 30, 30.001 MHz 


Pout, GUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS—PEP) 


eee) 
BRRRRRRENG 


50 200 250 8.0 
( 


1 
P., INPUT POWER (mW) Veco, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — INTERMODULATION DiSTORTION 
versus OUTPUT POWER FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 


Vec= 12.5 V 
iCQ=20mA 
f= 30, 30.001 MHz 


Veco =12.5V 
ICQ =20 mA 
Py = 3.0 W PEP 


IMD, INTERMODULATION DISTORTION (dB) 
Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


0 1.0 2.0 3.0 4.0 
Pout, OUTPUT POWER (WATTS—PEP) f, FREQUENCY (MHz). 
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FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY 


1CQ=20 mA 
P,=3.0W PEP ~ 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


FIGURE 9 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR a 
TECHNICAL DATA 


MRF477 


| The RF Line | 


40 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed primarily for application as a high-power linear amplifier 
from 1.5 to 30 MHz, in single sideband mobile, marine and base 
station equipment. 


® Low-Cost, Common-Emitter TO-220 Package 


® Specified 12.5 Volt, 30 MHz Performance — 
Output Power = 40 W CW or PEP 
Power Gain = 15 dB Min 
Efficiency = 40% Min (PEP) — 


® |ntermodulation Distortion @ 40 W (PEP) — 
IMD = ~30 dB (Max) | 


® 30:1 VSWR Load Mismatch Capability at Rated Output 
Power and Suppiy Voitage 


=, 


e 

t 

ie 
7s 

j SECT AA 


aol on 


-s 


MAXIMUM RATINGS 


symbol | value | uni 
Collector-Emitter Voltage VCEO 18 


STYLE 2: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 
4, EMITTER 


| Withstand Current 
(t =5.0s) 


Total Device Dissipation @ Tg = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


Pe MILLIMETERS| INCHES | 
| MIN | MAX | 


NPC 
~~ | fe | oD 
oi—|— 


_ 
ips) 
~ 
fom] 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


| B 
| Cc | 
| D | 
| F 
TG | 
LH 
| J 
| K | 
LN | 
| a 
|_| 
S| 
_U | 
Lv | 


Saris i 
ws ]t0 || 
l~ || 


CASE 2214-02 
TO-220AB 


MOTOROLA RF DEVICE DATA 


3-536 


MRF477 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
({¢ = 100 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 mAdc; Ig = 0) poe, 


Emitter-Base Breakdown Voltage 
(I = 5.0 mAdc,.1¢ = 0) 
Collector Cutoff Current 
(VCE =125 Vde, VgBE=0, TC = 25°C) 
ON CHARACTERISTICS 
DC Current Gain 
(Ice = 2.0 Adc, Veg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance j 
(Vcp = 12.5 Vdc, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 40 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 40 mAdc) 
Collector Efficiency - 
(Vcc = 12.5 Vde, Poyt = 40 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 40 mAdc) . 
intermodulation Distortion (1) . zx 
(Voc = 12.5 Vdc, Poyt = 40 W (PEP), f1 = 30 MHz, | 


f2 = 30.001 MHz, Icq = 40 mAdc) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


‘ 12.5 Vde 
R2 SSB C7 cs os 
*Bias Input >—A”~- 0 O ~ i T 
cw + ee = = = 
= — = _ — RF Output 
of ° 
c4 
RF Input — 
we us L1 | A 3 
R1 | i2 
C1 
P 4 Bead 
ear GS 829700 200 BE _ -L2 =3 Turns #16 AWG 1/3” ID, 1/2” Long 
cs, C7 — 0.001 UF Disk Ceramics : : ia 10 uH Molded Choke 
C8 ~— 100 uF 16 Vdc Electrolytic 
; Bead — Ferroxcube #56-590-65/3B 
R1 — 10 2 1.0 Watt Resistor 
R2—5Q 5.0 Watt Resistor D1 — 1N4719 


*Adjust Bias (Base) Voltage for I¢q = 40 mA with no RF applied. 


MOTOROLA RF DEVICE DATA 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


MRF477 


30, 30.001 MHz 


’ 


= 


_ 


Vcc, SUPPLY VOLTAGE (VOLTS) 


versus OUTPUT POWER 
Pout OUTPUT POWER (WATTS PEP) 


FIGURE 5 — INTERMODULATION DISTORTION 
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MOTOROLA RF DEVICE DATA 


FIGURE 6 — SAFE OPERATING AREA 
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FIGURE 4 — POWER GAIN versus FREQUENCY 
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FIGURE 7 — SERIES EQUIVALENT INPUT IMPEDANCE 
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FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 


Vec = 12.5 Vde 
Icqg = 40 mA 
Pout = 40 W PEP 
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Court, PARALLEL EQUIVALENT OUTPUT CAPACITANCE (pF) 
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The RF Line 


15 W (PEP), 15 W (CW)—30 MHz 


RF POWER 


NPN SILICON RF POWER TRANSISTOR 
: | TRANSISTOR 


. designed primarily for use in single sideband \jinear amolifier i | 
output applications and other communications equipment operating 
to 50 MHz. . 


® Low-Cost, Common-Emitter TO-220 Package 
@ Specified 12.5 V, 30 MHz Performance = 
Output Power = 15 W (PEP) or (CW) 


Power Gain = 12 dB Min 
Efficiency = 40% Min 


@ Intermodulation Distortion @ 15 W (PEP) —_— 
IMD = -30 dB (Max) 


@ 30:1 VSWR Load Mismatch Capability at Rated Output Power 
and Supply Voltage a 


@ Characterized from 2.0 to 50 MHz 


NPN SILICON 


MAXIMUM RATINGS 


Rating Symbol Value Unit 


Collector-Emitter Voltage _VcCEO © 18 _  Mde 


Collector-Base Voltage. VcBo . 36 Vdc 


Emitter-Base Voltage VEBO | 4.0 | Vde 
Collector-Current — Continuous . Ic [20° 4 Adc 


Total Device Dissipation @ Tc = 25°C (1) - 30 Watts 
Derate above 25°C . “ee 0.17 | mW/°C 


Storage Temperature Range Be Tstg -65 to +150 eC 


STYLE2: | ' NOTE: 
PIN 1. BASE 1. DIM. L & H APPLIES 
. 2. EMITTER TO ALL LEADS. 
3. COLLECTOR 
4. EMITTER 


THERMAL CHARACTERISTICS 


Characteristic Tsymbot [Max [Unit 


| MILLIMETERS| INCHES | 
[MIN | MAX | [ MAX_| 


|_MIN | 
| A [15.11 | 15.75 | 0.595 | 0.620 | 
| B | 9.65 | 10.29 | 0.380 | 0.405 | 
| c {| 4.06 | 4.82 | 0.160 | 0.190_| 
| D | 0.64 | 0.89 | 0.025 | 0.035 | 
| 3.73 | 0.142 | 0.147 | 
67 | 0.095 | 0.105 | 


Thermal Resistance, Junction to Case (2) Rec 


(1) These devices are designed for RF operation. The total device dissipation rating 
- applies only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 
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CASE 221A-02 


MOTOROLA RF-DEVICE DATA 


3-540 


MRF479 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(lc = 20 mAdc, VB_e = 0) 


“V(BR)CEO 


Emitter-Base Breakdown Voltage V(BR)EBO. 

(le = 5.0 mAdc, Ic = 0) a 

Collector Cutoff Current ICES ~ mAdc 
(Vcp = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


| DC Current.Gain 
(Ic = 500 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 12.5 Vde, Ie = O, f = 1.0 MHz) | 


FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Power Gain 


(Vcc = 12.5 Vde, Pout = 15 W (PEP), fy = 30 MHz, 
f2 = 30.001 MHz, icq = 20 mA) 


Collector Efficiency 
~(Vec = 12.5 Vde, Pout = 15 W (PEP), fy = 30 MHz, 
f2.= 30.001 MHz, icq = 20 mA) 


intermodulation Distortion (1) (PEP) 
(Voc = 12.5 Vde, Poyt = 15 W (PEP), f; = 30 MHz, 
fo = 30.001 Mz, Icg = 20 mA) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — 30-MHz COMMON EMITTER TEST CIRCUIT 


R2 
*Bias Input VN e 4 ; e <€ + 12.5 Vde 
: . 
D1 A 05 C6 — C7 Fe C8 cg > 
fe. ee eee a 
~ REF Output 
C4 
RF Input —— 
npu a = arr 
C2 ; . 
C1 . Rig C3 
— Bead a | — a 
C1, C2, C4 — 469 Arco 170-780 pF L3 — 10 #H Molded Choke 
C3 — 426 Arco 37~250 pF ‘L4—12 Turns #18 AWG O. 25" 1D X 0.75” 


C5 — 500 uF, 3.0 V ee 
C6, C7 — 0.1 WF Erie Redcap 

C8 — 0.01 uF Erie Redcap . 
C9 — 100 UF, 16 V Bead — Ferroxcube Bead #56-590-65/3B 


R1— 102, 1OW 
R2—5.082, 5.0W 


L1— 4 Turns #18 AWG 0.3” ID X 0.25” D1 — 1N4997 
L2 — 5 Turns #16 AWG 0.35” ID X 0.9” 


* Adjust Bias (Base) Voltage for |cq = 20 mA with no RF applied. 
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Pout OUTPUT POWEF! (WATTS) 


Pout OUTPUT POWER (WATTS PEP) 


Cout, PARALLEL EQUIPMENT OUTPUT CAPACITANCE (pF) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


25 
30 MHz 


0 o2 O04 O86 O08 140 12 14 #16 #18 20 
p..,, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 30, 30.001 MHz 
~ IMD (d3) = -35 dB 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY 
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Gpg, POWER GAIN (dB) 


IMD, INTERMODULATION DISTORTION (dB) 


Rout PARALLEL EQUIPMENT OUTPUT RESISTANCE (OHMS) 


FIGURE 3 — POWER GAIN versus FREQUENCY 


i a esas 
PS 


1.0 2.0 50 86°10 20 50° 100 
f, FREQUENCY (MHz) 


FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 


Veo =12.5V 
leq = 20.mA 
f= 30, 30.001 MHz - 


0 4.0 8.0 12 16 20 
Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 


Veco = 12.5 V 
Icqg= 20 mA 
Pout = 15 W PEP 


“1.0 2.0 5.0 10 20 50 100 


f, FREQUENCY (MHz) 


“MOTOROLA RF DEVICE DATA 
3-542 


MRF479 


FIGURE 8 — SERIES EQUIVALENT INPUT IMPEDANCE FIGURE 9 — 30 MHz TEST AMPLIFIER 


RFE Input 


Se 
sous a 


Veco = 12.5 Vde 
Ica =20mA 
Pout = 15 W PEP 


RE Output 
Z,= 10 Ohms 20 Mi Lt 
= MS $Z— : ‘ 6 
RF Ceus 


RF Input 


NOTE: Points A, A’ and B, B’ are connected via 50 2 coaxial cable under the PCB. 
‘The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-543 


MOTOROLA 
SEMICONDUCTOR mam 
TECHNICAL DATA 


MRF485 


15 W (PEP) — 15 W (CW) — 30 MHz 


RF POWER 
TRANSISTOR 


~ NPN SILICON 


‘NPN SILICON RF POWER TRANSISTOR 


. designed primarily for use in single sideband linear amplifier 
output applications and other communications equipment opera- 
ting to 30 MHz. 


@® Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation 


@ Specified 28 V, 30 MHz Characteristics — 
Output Power = 15 W (PEP) 
Minimum Efficiency = 40% (SSB) 
Minimum Power Gain = 10 dB (PEP & CW) 


MAXIMUM RATINGS 


| Unit 
ete vais | Yegn [a8 [va See ae orga 1 DIM. L& H APPLIES 
Total Device Dissipation @ Tg = 50°C (1) ame 7 eee , 
Derate above 50°C eve . vere 7 | | 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc | 3.33 | cw 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. . 


CASE 221A-02 
TO-220AB 


MOTOROLA RF DEVICE DATA 


3-544 


MRF485 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 
OFF CHARACTERISTICS 
een ep 
(I¢ = 20 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage . [Mane ee th seo ae 
= mAdc, Vpe = 0) Ae | 
iecsomacigeg mmm | 

Ale = 5.0 mAdc, Ic = 0) 
Wensaeweiero | me 
(Vcp = 25 Vde, le = 0) 

Collector-Cutoff Current 
(VcE = 28 Vdc, Vg_e = 0) 
ON CHARACTERISTICS ~ 

DC. Current Gain 

(Ic = 500 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcg = 28 Vdc, ig = 0, f = 1.0;MHz). 
FUNCTIONAL TESTS (SSB) 


Common- Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 15 W (PEP, f1 = 30 MHz, 
£2 = 30.001 MHz, Icg = 20 mA) 


Collector Efficiency 
(Vec = 28 Vde, Pout = 15 W (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz, Icq = 20 mA) 


Intermodulation Distortion (1) 
(Voc = 28 Vdc, Poyt = 15 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 20 mA) 
Load Mismatch ’ No Degradation in Output Power 
(Vee = 28 Vde, Pout = 15 W (PEP), #1 = 30 MHz, 
#2 = 30.001 MHz, VSWR = 30:1 All Angles) 


(1) To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 


FIGURE 1 — COMMON-EMITTER TEST CIRCUIT 


c4 
RFC1 


*Adjust for I¢g = 20 MA . 7 L1.— 2.2 wH Molded Choke 
; L2— 7 Turns #18 AWG Wire, 3/8” |.D. 


C1, 2,6 — ARCO 466 Trimmer Capacitors. 

C3 — 1000 uF, 3.0 Vdc Electrolytic RFC1 — 10 WH Molded Choke 

C4, 7 — 0.1 WF, Disc Ceramics ' REFC2 — 0.84 WH Molded Choke 
 C8— 1004uF, 15 Vdc Electrolytic RFC3 — 2 Ferroxcube, #56-590-65/3B, 


R1— 1092, 5.0 Watt Resistor Beads on #18 AWG me 


R2 — 10 92, 1.0 Watt Resistor D1 — 1N4997 


MOTOROLA RF DEVICE DATA 
3-545 


MRF485 


Pout, OUTPUT POWER (WATTS PEP) 


100 


Pout PARALLEL EQUIVALENT OUTPUT 
RESISTANCE (OHMS) 


Pout. QUTPUT POWER (WATTS) 
an as 
ue } 
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_ FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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P.,, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


30 


Icg = 20 mA 
f = 30, 30.001 MHz 
IMD, d3 = -35 dB 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY 


Vec = 28 Vde 
Icqg = 20 mA 
Pout = 15W PEP 
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FIGURE 3 — INTERMODULATION DISTORTION 
versus OUTPUT POWER  _ 
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FIGURE 5 -- OUTPUT CAPACITANCE versus FREQUENCY 
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FIGURE 7 — POWER GAIN versus FREQUENCY 


ia” 20 mA 


Gpe, POWER GAIN (dB) 


f, FREQUENCY (MHz) 


RF DEVICE DATA 
3-546 


MRF485_— 


FIGURE 8 — SERIES EQUIVALENT INPUT IMPEDANCE 
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MOTOROLA RF DEVICE DATA 
3-547 


MOTOROLA 
ae SEMICONDUCTOR OE 
TECHNICAL DATA 


MRF486 


|  TheRFLine || 7 


AO W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


from 1.5 to 30 MHz, in single sideband mobile, marine and base 
station equipment. | 


® Low-Cost, Common-Emitter TO-220 Package 


® Specified 28 Volt, 30 MHz Performance — 
Output Power = 40 W (PEP) 
Power Gain = 15 dB Min 
Efficiency = 40% Min 


@ Intermodulation Distortion @ 40 W (PEP) — 
IMD = -30 dB (Max) _ 
® 30:1 VSWR Load Mismatch Capability at Rated Output 


| | 
... designed primarily for application as a high-power linear amplifier 


Power and Supply Voltage 


| SECT A-A 
J 


MAXIMUM RATINGS 


lJ 


STYLE 2:: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 
4, EMITTER 


10.29 | 0.380 | 0.405 
ab 
. ; 0.035 


Withstand Current’ 
(t = 5.0 s) 

Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range — 


THERMAL CHARACTERISTICS 


Characteristics Symbol 
Thermal Resistance, Junction to Case ReJjc: 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. — 


0.100 | 0.120 
0.080 | 0.110 
0.045 | 0.085 


| 0.235 | 0.255 | 


CASE 221A-02 
TO-220AB 


- MOTOROLA RF DEVICE DATA 


3-548 


MRF486 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbol [Min [Te [Max [unk | 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcE = 28 Vdc, Vee = 0, Tc = 25°C) 


ON CHARACTERISTICS 
eriewaomtevoe-soven | | | 
(Ic = 2.0 Adc, Veg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS ee , 
Output Capacitance 


(VcR = 27 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Poyt = 40 W (PEP), f1 = 30 MHz, 
#2 = 30.001 MHz, Icqg = 40 mAdc) 

Collector Efficiency Be 
(Vcc = 28 Vdc, Pout = 40 W (PEP), f1 


#2 = 30.001 MHz, Icq = 40 mAdc) 


Intermodulation Distortion (1 ) 
(Vcc = 28 Vde, Poyt = 40 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ica = 40 mAdc) 


(1) To MIL-STD-1311 Version A, Test Method 2204B; Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


R2 SSB 
*Bias Input > —»pynpn-—O 'e c8 T cg T [ 
cw La | = = = 
pi X a “7 
| L3 c4 | | 
= = FS = —_ RF Output 
| oS wy 
. C2 
RF Input —) YY 
C3 c5 
Ri 
C1 
i Bead 


: R1— 10 $2, 1.0 Watt Resistor . 
C1, C2 — Arco 469, 190-780 pF R2 — 5 2, 5.0 Watt Resistor 
C3 — 150 pF ELMENCO** 

- C4, C5 — Arco 429, 90-400 pF 
C6, C9 — 0.001 uF Disc Ceramics 
C7 — 500 uF, 3 Vdc Electrolytic 
C8 — 50 uF, 50 Vdc Electrolytic 


“L1— 0.15 WH Molded Choke 

L2 — 7 Turns, #16 AWG Enameled Close-Wound, 1/2” ID 
L3 — 10uH Molded Choke 
L4— 1.9 wZH Molded Choke © 


One Bead — #56-590-65/3B (Ferroxcube or equiv.) 
D1 — 1N4997 


* Adjust Bias (Base) Voltage for |cq = 40 mA with no RF applied. 
**Type MCMO1/010 or UNELCO 3 HS 0006. 


MOTOROLA RF DEVICE DATA 
2-FA49 


MRF486 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — POWER GAIN versus FREQUENCY 


28 Vde 


Voc 


40 W PEP 


Pout 


aa a 


— 
Le 
fel 


60 


™N 
x 
= 
= 
[emo } 
oS 
=) 
~” 
So 
a) 

" 
ae 


(dP) NIVS HAMO 


oS 
iw 


(dad SLLVM 


) 


d‘ddg 


Lage) fan] 
sr ~ 


YaMOd LNdLA 


0 ‘yno 


d 


f, FREQUENCY (MHz) 


Vec, SUPPLY VOLTAGE (VOLTS) 


INTERMODULATION DISTORTION 
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FIGURE 6 — SAFE OPERATING AREA 
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MOTOROLA RF. DEVICE DATA 


3-550 


MRF486 


FIGURE 7 — SERIES EQUIVALENT INPUT IMPEDANCE 
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GURE 8 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY a 


mn" 


Veco = 28 Vde 
icq = 40 mA 
Pout = 40 W PEP 


Icg=40 mA : 
Pout = 40 W PEP 


— 


i) 


RESISTANCE (OHMS) 


CAPACITANCE (pF) 
Rout) PARALLEL EQUIVALENT OUTPUT’ a 


Cout- PARALLEL EQUIVALENT OUTPUT 


f, FREQUENCY (MHz) 


‘f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


Q_FA1 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


MRF492 


MRF492A 


hm 
=" 
© 
ow 
9) 
e 
= 
© 
3 
2 
° 
z 
x 


TRANSISTOR 


| 
RF POWER | 
NPN SILICON | | 


Ni 


... designed for 12.5 volt low band VHF large-signal power amplifier 
applications in commercial and industrial FM equipment. . 


® Specified 12.5 V, 50 MHz Characteristics — 
Output Power = 70 W 
Minimum Gain = 11 dB 
Efficiency = 50% 


STYLE t: 
PIN 1. EMITTER 

BASE 

. EMITTER > 

. COLLECTOR . 


@ Load Mismatch Capability at High Line and 
RF Overdrive . 


“Bw Nh 


SEATING PLANE 


MILLIMETERS| INCHES 

M MIN | MAX MIN | MAX 

94.64 [24.89 [0.9701 0.980 
K+ 


T1181 112.95 
5.82 | 6.98 


jo 


C 


6.22 ; 6.48 | G24e | G2 


05] — | 0435; — 
ba 


1295 | 
M 


45° NOM 45° NO 


ry 

B 

D 

E 

F ; 

G | 18.29 | 18.54 | 0.720 | 0.730 
K 

N 

a 


t 
3.66 | 4.52 | 0.144 | 0.178 
Tt 292 1 3.30 | 0.115 | 0.130 


CASE 211-11 


MRF492 


MAXIMUM RATINGS. 


Rating | Value Unit 
Collector-Emitter Voltage. a Vdc 
Collector-Base Voltage Vdc 
Emitter-Base Voitage Vdc 
Collector-Current — Continuous Adc 


Total Device Dissipation @ Tc = 25°C (1) 250 Watts . 
Derate above 25°C . 1.43 w/e°c 


Storage Temperature Range . Tstg -65 to +150 PIN 1 EMITTER 


3. EMITTER 
4. COLLECTOR 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) RaJc 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. OS 


0.072} — 
. 0.007 
0.065 | 0.075 


[| R | 9. 
| S_ | 3.84 | 
; | 0.100 | 

[ 0.132 _| 


0.083 
| u [ 249 [ 3.35 | 0.098 | 0.132 


MRF492A CASE 145A-10 


Oo MOTOROLA RF DEVICE DATA 


3-552 


MRF492, MRF492A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ViBRICEO 
(ic = 100 mAde, Ip = 0) | 
Collector-Emitter Breakdown Voltage V(BR)CES 
(i¢ = 50 mAdc, Veg = 0). 


Emitter-Base Breakdown Voltage mo V(BR)EBO 
lg = 10 mAdc, Ic = 0) Co 
Collector Cutoff Current 


(VCE = = 13.6 Vdc, VBE = 9) 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS — 


Output Capacitance 
(VcB = 15 Vdc, Ig = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 70 W, f = 50 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 70 W, f = 50 MHz) 


FIGURE 1 — 50 MHz TEST CIRCUIT 


+ 12.5 Vdc 
RFC2 + 
C6 “y 
L2 L3 C8 
ww RF Output 
| C1 ut. 
RF Input — : g “@ . . 
od C3 C4 
C27 C5 RFCT Z 
ee | ' {j Bead | 
C1, C8 — 9.0-180 pF, Arco 463 RFC2 — 12 Turns, #16 AWG, Enameled Wire Closewound 
C2, C3, C4 — 80-480. pF, Arco 466 ‘on a2 W Carbon Resistor | 
C5 — 1000 pF, 350 V, Unelco L1 — 2 Turns, #18 AWG Enameled Wire, 0.4” ID, 
C6 — 10 pF, 25 Vde 0.15” Long’ 
C7 — 0.01 uF, Ceramic L2 — Loop, #12 AWG Wire, 0.6” High, 0.4” Wide 
-RFC1 — 10 wH Molded Choke a L3 — 2 Turns, #12 AWG Wire, ID 0.4”, 0.25” Long 


Bead — Ferrite Bead Ferroxcube #56-590-65/3B 


MOTOROLA RF DEVICE DATA 


2. RRQ 


MRF492, MRF492A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — POWER GAIN versus FREQUENCY 


Gee, POWER GAIN (dB) 


Pout, OUTPUT POWER (WAT’S) 


o> 1020 30 40 50 60 70 80 90 10 O50 —COBSC<CS*‘C:*«SO 35 40 45 50 
~ Pin, INPUT POWER, (WATTS) f, FREQUENCY, (MHz) — 


on ~~ 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) - 


70 80 90 10 11 #=12 «°13 14 #15 +2296 #&J7 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Vec = 12.5 V, Poyt = 70 W 


Zin . Z0L" 
MHz Ohms Ohms 
50 | o7-j117 | 058-j1.0 
0.93-j1.24 | 0.76 -j1.3 x 
25 | 1.12-j1.28 | 0.85-j1.46 | SSS 


*ZoL = Conjugate of the optimum load impedance 
into which the device output operates at a 
_ given output power, voltage and frequency. 
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MOTOROLA RF DEVICE DATA 
3-554 


MOTOROLA 
s SEMICONDUCTOR sam 
TECHNICAL DATA _ 


MRF497 


The RF Line 


40W 50 MHz 


RF POWER | 


NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


| NPN SILICON 
.. . designed for 12.5-volt VHF large-signal power amplifier applica- . 
tions in commercial and industrial equipment, operating in the 25 to 

50 MHz frequency range. . 


® Low-Cost, Common-Emitter TO-220 Package 


@ Specified 12.5 V, 50 MHz Performance — 
Output Power = 40 Watts 
Power Gain = 10 dB Min 
Efficiency = 60% Min | 


@ Load Mismatch Capability at Rated Voltage and RF Drive 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO | 18 | 


Collector-Base Voltage VcBo 
Emitter-Base Voltage VEBO | 400 | 
Collector-Current — Continuous a 


Total Device Dissipation @ Tc = 25°C (1) 87.5 
Derate above 25°C 0.5 


Storage Temperature Range -65 to +150 INL. BASE T 
. NOTE: 


2. EMITTER 1. DIM. L & H APPLIES 
3. COLLECTOR , TO ALL LEADS. 


4. EMITTER © 


a MILLIMETERS| INCHES | 
. MAX [MAX _| 
Ont Hert [tere toes foe 
| B | 9.65 | 10.29 | 0.380 | 0.405 | 
(1) These devices are designed for RF operation. The total device dissipation rating | D | 0.64 | 0.89 | 0.025 | 0.035 
applies only when the devices are operated as RF amplifiers. sf ae ee 
(2) Thermal Resistance is determined under specified RF operating conditions by H | 2.79 | 3.30 he 0.130 
infrared me i . [J | 0.36 | 0.56 | 0.014 [ 0.022 
asurement techniques K 142.70 | 14.27 1 0.500 | 0.562 
rt | 1.14 | 1.27 [0.045 | 0.050 | 
| N | 4.83 | 5.33 | 0.190 | 0.210 | 
| | 2.64 | 3.04 [0.100 | 0.120 
;R | 2.04 | 2.79 | 0.080 [ 0.110 | 
|S | | 1.39 | 0.045 | 0.055 _| 
rT | | 6.48 | 0.235 | 0.255 _| 
| 0.050_| 


CASE 221A-02 


MOTOROLA RF DEVICE DATA 


9) REL 


MRF497 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 100 mAdc, tp = O) 


| Coliector-Emitier Breakdown Voitage VIBR)CES | 
_- (ig = 20 mAdc, Vee = 0) 
| Emitter-Base Breakdown Voitage VIBR)EBO | 40 - | a — | Vde 


(ie = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 20 _ _ _ 
(Ic = 1.0 Adc, Veg = 5.0 Vde) | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 15 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 40 W, f = 50 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 40 W, f = 50 MHz) 


FIGURE 1 — 50 MHz TEST CIRCUIT 


RF Output 


RF Input 


L2 


C1 —Arco 469 RFEC1— RF Choke Ferroxcube VK 200-20/4B 

C2, C3 — Arco 466 RFC2 — 3 Ferroxcube, #56-590-65/3B, Beads on #18 AWG Wire 
C5 —100 uF, 16 Vde Electrolytic 
C6 ~—0.001 LF Disc Ceramic 


B — Ferroxcube #56-490-65/3B 


Board Material — E Fibergl . ** thick 
R1 — 109, 1.0 Watt Resistor poxy Fiberglass, 0.062" thick 
L1— 3 Turns #14 AWG Wire, 1/3”. ID 
L2 — 1-1/2 Turns #14 AWG Wire, 1/2’’ 1D 
L3 — 14 Turns #18 AWG Wire 1/4” 1D 


MOTOROLA RF DEVICE DATA 
3-556 


-MRF497 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY. 
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FIGURE 4 — OUTPUT PoweR versus SUPPLY VOLTAGE: 
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MOTOROLA RF DEVICE DATA 


2-547 


MRF497 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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NOTE: Points A, A’ and B, B’ are connected via 50 Q coaxial cable under the PCB. 
The Printed Circuit Board shown is 75% of the original. 


~-MOTOROLA RF DEVICE DATA 
| 3-558 


MOTOROLA 


m= SEMICONDUCTOR mam 
TECHNICAL DATA 


MRFSO1 © 


MRF502 


Phe RE Line | 

HIGH FREQUENCY | 

. . | | . TRANSISTORS ~ 

NPN SILICON HIGH-FREQUENCY TRANSISTORS ~ . = ee 
| . = me NPN SILICON 

. . designed primarily for use in high-gain, low-noise. amplifier, 
oscillator, and mixer applications. Can also be used in UHF converter 

applications. . 


@ ‘High Current-Gain — Bandwidth Product — 
f7 = 1.2 GHz (Typ) @ Ic = 5.0 mAdc 


® Low Noise Figure — 
NF = 4.0 dB (Typ) @ f = 200 MHz 


MAXIMUM RATINGS 


Rating 


SEATING 
PLANE 


Storage Temperature Range 7 _ 65 to +200 


STYLE 10 
PIN 1. EMITTER 

. BASE 

. COLLECTOR 

. CASE 


1.27 BSC 
Le = [127 [T0080 | 
ALL JEDEC dimensions and notes apply 
CASE 20-03 
TO-72 


MOTOROLA RF DEVICE DATA 


A rrn 


MRF501, MRF502 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS. 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ig = 3.0 mAdc, Ip = 0) , 


tor-Base Breakdown Voltage MRF501 
= 1.0 uAdc, Ie = 0) MRF502 


| OSES Breakdown Voltage 
(Ie = 1.0 wAdc, Ic = 0) 


Collector Cutoff Current MRF501 
(Vcg = 1.0 Vdc, IE = 0) MRF502 
ON CHARACTERISTICS ee _ _ ey _ __, 
Sc Current Gain MRFS5O1 | hee | 30 | | o50—I 


(ic = 1.0 mAdc, Vog = 6.0 Vdc) MRE502 
DYNAMIC CHARACTERISTICS . 


Current Gain — Bandwdith Product MRESO1 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 100 MHz) MRF502 


Collector-Base Capacitance 
(Vcp = 10 Vde, Ie = 0, f = 0.1 to 1.0 MHz) 

Collector-Base Time Constant 
(ig = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.8 MHz) 

Noise Figure _ (Figure 1) MRF501 
(Ic = 1.5 mAdc, VcE = 6.0 Vdc, MRF502 
Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) MRF501 
(Vcc = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) MRF502 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCLUT 


1N3195 . 


1N3195 
OC 


. O 
COMMON 
L Tiz00 


FROM 502 ~— 37 0°°~—CO 0 EXTERNAL | 
SOURCE 992 uF | SHIELD 


° qty 124 


} OlyF 


| 
{ 0.001 pF 


L1 13/4 Turns, #18 AWG, 0.5” Long, 0.5’ Diameter 
L2 2 Turns, #16 AWG, 0.5” Long, 0.5’ Diameter 
L3 2 Turns, #18 AWG, 0.25” Long, 0.5” Diameter, Position Approximately 0.25” from L2 


MOTOROLA RF DEVICE DATA 
3-560 


MOTOROLA | 
TECHNICAL DATA 


“MRFS1L 


| The RF Line ; 
: — : 7 HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


.. . designed specifically for broadband applications requiring low 
distortion characteristics and noise figure. Specified for use in 
CATV applications. . 


@ Specified +50 dBmvV Output, 80 mAdc Distortion Characteristics — 
Triple Beat = -65 dB (Max) 
Cross Modulation = -57 dB (Max) 
_ Second Order = -50 dB (Max) 


® High Broadband Power Gain — 
Gpe = 10 dB (Min) @ f = 250 MHz | 


@ Low Broadband Noise Figure — 
NF = 10 dB (Max) @ f = 200 MHz | 


MAXIMUM RATINGS 


| voc | / STYLE 4: | 
PIN 1. EMITTER: 


2. BASE | 
Watts | 3. EMITTER 
28.6 mWw/°c 4, COLLECTOR 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


| MAX_| 
| 0.256 | 
| 0.650 | 
| 0.034 | 
| 0.065 | 
| = 
| - | 


CASE 244A-01 


MOTOROLA RF DEVICE DATA 
3-561 


MRF511 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. ) 


Characteristics 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage , | V(BR)CEO | 
(I¢ = 5.0 mAdc, Ig = 0) . 


iCollector-Base Breakdown Voltage | V(BR)CBO 
{ {to = 100 zAde, Je = 0) | 
[Emitter-Base Breakdown Voltage | ViBR)EBO | ; Vdeo7} 


(te = 100 wade, Ic = 0) 


[Collector Cutoff Current _ | ) IcEO uAdc 
(Vce = 15 Vdc, ig = 0). , 
ON CHARACTERISTICS © 


DC Current Gain | hee 25 50 200 | - 
| __ lig = 80 mAde, VCE = 10 Vdc) | [ 


Collector-Emitter Saturation Voltage” . | T VCE (sat) — — | 62 |. 05 | Vde 
__(l¢ = 100 mAde, Ig = 10 mAdc) 


DYNAMIC CHARACTERISTICS . 
‘Current-Gain—Bandwidth Product | ) Pf Mp 
(Ic = 80 mAdc, VcgE = 20 Vdc, f = 200 MHz) 
PNenraovertecotsome | TO 
(VcB= 20 Vdc, lg = 0,f=1 -O MHz) 


Noise Figure 
(ic = 50 mAdc, Voce = 20 Vdc, f = 200 MHz) 
FUNCTIONAL TESTS (Figure 1 ) 


Common- Emitter Amplifier Power Gain 
(VcE = 20 Vde, Ic = 80 mAdc, f = 250 MHz) 

| 2nd Order Intermodulation Distortion 
(VceE = 20 Vdc, Ic = 80 mAdc, Vout = +50 dBmV, 
Chn 2+ Chn 13 = 266.5 MHz) 


| Cross-Modulation Distortion © 


(VCE = 20 Vdc, Vout = +50 dBmV, Ic = 80 mMAdc) = Chn 13 12 Chn XMD - -59 -57 
| . Chn R 30 Chn XMD _ |  -46 _ 
Triple Beat — l TB. | -68 65 dB 


(VoE = 20 Vde, Ic = 80 mAdc, Voyt = +50 dBmV, | 
Chn 2 + Chn 3+ Cha E = 261.75 MHz} 


FIGURE 1 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


RF Output 


CIRCUIT PERFORMANCE . 


| Input/Output Return Loss}. 
Flatness — 
Gain 
Bandwidth .. ~ [40-300 MHz | 


C1,C3,C4,C5,C6 . . 0.002 uF Ceramic Disc | R41 4.7 k2, 1/4W, 10% 
C2 - 0.35-3.5 pF JOHANSON 4702 R2 27 2, 1W, 10% 
ud 2 Turns, #20 AWG, 1/8" 1.D., 0.2 Long R3 27 2, 1W,10% 
L2 5 WH, Ferrite Choke, MILLER | R4 300 £2, 1/4W, 10%. 
. L3 18 Turns, #24 AWG Enamelled, on Ferrite Torrid Core Input/Output Connectors — Type F 
FERROXCUBE 1041T060-4C7 Zo — 75 Ohms 
L4 5 Turns, #20 AWG, 3/16” |.D., 0.35" Long 


MOTOROLA RF DEVICE DATA 
3-562 


MRF511 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT 


- FIGURE 3 — OUTPUT CAPACITANCE 
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FIGURE 4 — INPUT CAPACITANCE 


FIGURE 5 — BROADBAND NOISE FIGURE 
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FIGURE 7 — 12 CHANNEL CROSS-MODULATION 


FIGURE 6 — 12 CHANNEL CROSS-MODULATION 


versus COLLECTOR CURRENT 


versus COLLECTOR-EMITTER VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-583 


MRF511 


FIGURE 8 — 30 CHANNEL CROSS-MODULATION FIGURE 9 — 30 CHANNEL CROSS-MODULATION 
ON CHANNEL R ON CHANNEL 2,13,R 


VceE = 20 Vde 
Eo = +50 dBmV 


XMD, CROSS MODULATION ON CHANNEL R (--dB} 
an 
© a) 


65} 
, Fee soe | 
ct, | | | {| 
75 TT | TC 
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XMD, CROSS MODULATION ON CHANNEL 2, 13, R (-dB) 


Ic, COLLECTOR CU RRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — 30-CHANNEL CROSS-MODULATION versus 
-COLLECTOR-EMITTER VOLTAGE 


I¢ = 80 mAdc 
Eg = +50 dBmV 


XMD, CROSS MODULATION ON CHANNEL R (-dB) 
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| : FIGURE 12 — TRIPLE BEAT versus 
FIGURE 11 — TRIPLE BEAT versus COLLECTOR CURRENT - COLLECTOR-EMITTER VOLTAGE 


30. 


Vee = 20 Vde 
Eg = +50 dBmV on Channel 2, 3, E 


TB, TRIPLE BEAT AT 261.75 MHz (-dB) 
TB, TRIPLE BEAT AT 261.75 MHz (-dB) 
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MOTOROLA RF DEVICE DATA 
3-564 


MRF511 


FIGURE 13 — SECOND ORDER IMD versus COLLECTOR FIGURE 14 — SECOND ORDER IMD versus COLLECTOR- 
CURRENT EMITTER VOLTAGE 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT ($11) AND OUTPUT 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


Q.RaAR 


MRF511 


FIGURE 16 ~ FORWARD TRANSMISSION 
COEFFICIENT (S12) versus FREQUENCY 
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FIGURE 17 — REVERSE TRANSMISSION 
COEFFICIENT (S21) versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
3-566 


MOTOROLA 
m= SEMICONDUCTOR sa 
TECHNICAL DATA 


MRF515 


The RF Line 
| 0.75 W ~ 470 MHz 
HIGH FREQUENCY 

TRANSISTOR ~ 
NPN SILICON HIGH FREQUENCY TRANSISTOR a 


. designed for 12.5 Volt UHF large-signal amplifier applications 
Aeaacees in industrial equipment 
® Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 0.75 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 


@® S Parameter Data From 100 MHz to 1.0 GHz 


NPN SILICON 


SEATING 
PLANE ~—™ 


MAXIMUM ue 


Collector-Emitter Voltage . VCEO a ee 
Collector-Base Voltage VCBO a ee ee 
ae Ee 


Emitter-Base Voltage “80 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C ao Ze a 
Storage Temperature Range -65 to +200 


2|S1> 
WW! Dp 
Go| 2 
ania |< 


ao 
No 
[op) 
lan) 


All JEDEC dimensions arid notes apply. 
STYLE 1 
PIN 71. EMITTER 
2. BASE 
3. COLLECTOR 
CASE 79-02 
TO-39 


MOTOROLA RF DEVICE DATA 


Q_ha7 


MRF515 


ELECTRICAL CE BOREL ERISHES (Tc = 25°C unless otherwise noted.) 


ee eee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . V(BR)CEO 
| (Ic =5.0 mAdc, Ig = 0) 
| Collector-Base Breakdown Voltage | ViBR)cBo | 
| (ig = 100 uAde, ig = Oi 
| Emitter-Base Breakdown Voltage V(BR)EBO | 
(i¢ = 100 wAdc, ic = 0) 
| Collector Cutoff Current ICEO uAdc 
| (Vce = 15 Vdc, tp = 0) 


ON CHARACTERISTICS - 


DC Current. Gain - ; . 
| (Ig = 50 mAdc, Veg = 10 Vde) 
Coliector-Emiier Saturation Voltage Veoea 
(Ic = 50 mAdc, |p = 5.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product ie Bak Baad ae 
(I¢ = 100 mAdc, VcE = 10 Vdc, f = 200 MHz) 
(Vep = 12.5 Vdc, Ie = O, f = 1.0 MHz} 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain GpE a 
(Voc = 12.5 Vdc, Poyt = 0.75 W, f = 470 MHz) 
(Vcc = 12.5 Vdc, Poyt = 0.75 W, f = 470 MHz) 
Series Equivalent Input impedance Zin eae Yee ane 
(Vcc = 12.5 Vde, Poyt = 0.75 W, f = 470 MHz) 
| Series Equivalent Output {mpedance oe eee Se ee 
(Vcc = 12.5 Vde, Poy = 0.75 W, f = 470 MHz) 


C1,C2,C3 - 1.0-10 pF JOHANSON BOARD = 0.032’’ TEFLONGLASS, 
C4 - 0.1 uF disc ER =2.5 
C5 -1.0uF TANTULAM os 
‘C6 - 0.018 WF chip 
C7 - 1000 pF Feedthru 
L1,L2 - 0.15 uF Choke 
L3 - Bead Ferrite 
21,Z2 - 0.09" x 0.5" LINE, Zg = 100 2 
23 - 0.18" x 1.0 LINE, Z, =502 


MOTOROLA RF DEVICE DATA 
3-568 


MRF515 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


versus COLLECTOR CURRENT 
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FIGURE 4 — OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-569 


MRF515 


FIGURE 5 — S71 and S22 versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
3-570 


MOTOROLA 
a - | — MRESI7 


| The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


HIGH FREQUENCY 


TRANSISTOR | 
NPN SILICON 


.. . designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. : : | 
® Specified +45 dBmV Output, 60 mA Distortion Characteristics — 
Triple Beat = -72 dB (Max) 
12 Channel Cross Modulation = -57 dB (Max) 
Second Order = -60 dB (Max) 
® Broadband Power Gain — 
Gpe = 10 cB (Typ) 
@ Broadband Noise Figure — 
NF = 7.5 dB (Max) @ f = 300 MHz © 


MAXIMUM RATINGS 


[Rating 
(Ree = 330 2) 


Collector Current — Continuous 


Total Power Dissipation @ Tc = 50°C 
Derate above 50°C 


Operating Junction Temperature 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal! Resistance, Junction to Case 


STYLE 1 
PIN 1, EMITTER 

2. BASE 

3. COLLECTOR 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


Pp MAX, MAXIMUM POWER DISSIPATION (WATTS) 


75 100 125 
Tc, CASE TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 
3-571 


MRF517 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[— avacteristic ———SC~C*~*~“‘*‘*”Y:CSC*Svemboi’*~=SéMin” =< Sty ~~ Mex Cnt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(Ic = 5.0 mAdc, Ip = OQ) . 
= Vdc 


Collector-Emitter Breakdown Voltage V(BR)CER 


ee | 


ic © §.0 mAdc, RABE = 330 Ohms) 


Pie Breakdown Voltage ae 
' Pe cise ia ae 

“(le = 100 Ade, Ic = 0) 
Collector Cutoff Current ICEO uAdc 
ON CHARACTERISTICS , , 
I'D Current Gain 


wee Cur 


(Ic = 60 mAdc, Vcg = 10 Vdc) 
DYNAMIC CHARACTERISTICS 


(Ic = 60 mAdc, VcgE = 15 Vdc, f = 200 MHz) 
Output Capacitance 

(Vcop = 15 Vdc, le = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain Gpe 
(Voce = 15 Vdc, l¢ = 60 mAdc, f = 300 MHz) 


2nd Order Distortion. IMD 
(Vcg = 15 Vde, lc = 60 mMAdc, Egyut = +45 dBmV, 
Ch 2+ Ch G = 212.5 MHz) , 


NCTA Cross Modulation Distortion, 12 Ch’s (2-13) XMD 19 ~ — -57 dB 
(VcE = 15 Vde, Ic = 60 MAde, Egyt = +45 dBmvV, : 
Measured at Ch’s 2 and 13) 

Triple Beat Distortion, 3 Ch's TB3 ~ - -72 dB 
(VcE = 15 Vdc, Ice = 60 MAdc, Egyut = +45 dBmV, 
Ch’'s (445+ A) = 265 MHz) 


ee Lu 
Current-Gain — Bandwidth Product 2700 


FIGURE 2 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


RF Output 
L1- : 
RF Input oe 
C2 
R1 
L2 
C1 
+Vep 
C3 
C1 1.0 — 10 pF JOHANSON L4 VK200 
.C2;C6,C7 0.002 uF Ceramic Disk T1 16:1 Bifilar Wound, #20 AWG Panag Wire, 
C3,C5 0.1 uF, 50 Vde Tantalum ...Wound ona FERROXCUBE 1041T060-4C4 Core 
“ C4 1000 pF Button 7 R1 4.7 k$2, 1/4 Watt, 10% 
U4 1 Turn, #20 AWG R2,R3 27 §2., 1/4 Watt, 5% 
L2 5.6 #H Molded Choke R4 270 £2, 1/4 Watt, 5% 


L3  4T #20 AW eae by : 
. MENS ree ee es Input/Output Connectors — Type F 


26 = 75 Ohms 
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Gpe, POWER GAIN (dB) 


ft, CURRENT GAIN-BANDWIDTH PRODUCT (MHz) 


Cob, OUTPUT CAPACITANCE (pF) 


FIGURE 3 — TYPICAL RESPONSE CURVE 
(See Figure 2) 


T 
VCE = 15 Vde 
I¢ = 60 mAdc 


0 100 — 200 © 300 400 ~ 500 
f, FREQUENCY (MHz) 


FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


3000 AS | 
Vce = 15 Vde | 
hte Measured at 200 MHz 
2800 
2400 i a en came 
- 7 2s 
2000 
0 20 40 ~ 60 80 100 


Ic, COLLECTOR CURRENT (mA) | 


FIGURE 7 — OUTPUT CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 
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Veg, COLLECTOR-BASE VOLTAGE (VOLTS) 


Gpe, COMMON-EMITTER POWER GAIN (dB) 


Cib, INPUT CAPACITANCE (pF) 


NF, NOISE FIGURE (dB) 
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FIGURE 4 — COMMON-EMITTER POWER GAIN 
versus FREQUENCY 


= 15 Vde 


100 200 300 400 500 700 1000 
f, FREQUENCY (MHz) 


FIGURE 6 — INPUT CAPACITANCE versus 
EMITTER-BASE VOLTAGE 


Vep, EMITTER-BASE VOLTAGE (VOLTS) 


FIGURE 8 — BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 


i¢, COLLECTOR CURRENT (mA) 


MRF517 


- FIGURE 9. — 2nd ORDER DISTORTION (fq + fz) versus FIGURE 10 — 12-CHANNEL CROSS MODULATION 
COLLECTOR CURRENT DISTORTION versus COLLECTOR CURRENT 
Tet @ 40 : 
VcE= 15 Vde sie ee Vee = 15 Vde r 
= Eout= +45 dBmV (178 mV/Ch) z Egut= +45 dBmV (178 mV/Ch) 
a : F 50 
Pa Qa 
S E 
ie ” 
oc jan} 
} 
Ss 60 
2 = 
[a —_ 
lu a) 
: | a 7 
i: £4: Ch 2 (55 MHZ) = 
A fg: Ch 13 (211 MHz) ra 
S 80 -£3: Ch R (265 MHz} = 39 
= ie 
oS 
90, = 90 | 
30 40 50 60 70 80 30 40 50 60 70 - 80 
Ie, COLLECTOR CURRENT (mA) mst Ic, COLLECTOR CURRENT (mA) 
3 aes ; . FIGURE 12 — TRIPLE BEAT DISTORTION (fq + f2 + 3) versus 
FIGURE 11 — DIN 45004 CROSS-MODULATION DISTORTION 7 / COLLECTOR CURRENT 
= 120 PI 60 ars 7 
a 118 Vce = 15 Vde Vce= 15 Vde sal 
SO Ic = 60 mA Egut= +45 dBmV (178 mV/Ch) 
oo. 116 64 ie 
I 
= 414 ! a 
ae fy-fo+f | w | | 
1-f2+ £3 a 
112 ae | Iz 68 i Ss 
> Deleon tt fy + fo + #9 = 265 MHz | 
te co 
5 110 aim a a ee { 
S oe =! I 
tH 108 fy = Reference Frequency = 265 MHz — a /2 | 
2 f2 = 271 MHz, Equt(2) = Enut -6 dB E 
=. 106 £3 = 273 MHz, Eut(3) = Eut -6 dB 4 cc tf. 
rT fy: Ch 4 (67 MHz) | 
tu 
oe i6 f2: Ch 5 (77 MHz) 
2 102 f3: Ch A (121 MHz) 
-100 -96 -92 -88 -84 . -80 -76 -72 -68 -64 -60 30 40 70 80 


DIN 45004 CROSS MODULATION DISTORTION (dB) Ic, COLLECTOR CURRENT (mA) 


FIGURE 13 — HARMONIC DISTORTION (2f, 3f) versus 
COLLECTOR CURRENT ~ 
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Ic, COLLECTOR CURRENT (mA) 
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(Volts) 


~| 2 (mA) (MHz) 


S11 Lo |_'s2t L@ | 1812 is | 122; | 49. | 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA : 


MRF521_~ 
‘MRF522 
MRF524 

MRF5211.L 


Ic On 


seeder” 


High-Frequency Transistors 


... designed primarily for use in the high-gain, low-noise small-signal amplifiers for 
operation up to 3.5 GHz. Also usable in applications requiring fast switching times. 


@ High Current Gain-Bandwidth Product — f7 = 4.2 GHz (Typ) W ic = 56 mAdc 

@ Low Noise Figure @ f = 1 GHz — NF(matched) = 2-8 dB (Typ) 

@ High Power Gain — G = 11 dB (Typ) 

® Guaranteed RF ee oes 2 ok 3 HIGH FREQUENCY 

® Surface Mounted SOT-143 Offers Improved RF Performance __ | TRANSISTORS 
Lower Package Parasitics ) es ) PNP SILICON 
Higher Gain - 


@ Available In Both Standard Profile (MRF5211) and Low Profile (MRF5211L) | 
® Tape and Reel Packaging Options A . 


MRFC521 MRF521 MRF522 MRF524 =| MRF5211,L 


S, : X Macro-X ‘ Case 20-03 | Case 318B-01 | 
MAXIMUM RATINGS Chip Case 317-01 | Case 303-01 | (TO-72) (SOT-143) _ 


Collector-Emitter Voltage = Ss | Vceo | _10 | 10 | 10 10 | 10 | Vde 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 75°C 
Derate above 75°C 7 


Storage Temperature _ -65 to +200 | -65 to +150 | -65 to +200} —65to +200] -65to +150| °C 


THERMAL CHARACTERISTICS = sit ‘ 


fF Characesatc —SSSSSSSS~*dSSS atin] Te | Mn | Or 


Collector-Base Breakdown Voltage (I¢ = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage (I— = 50 «Adc, Ic = 0) V(BR)EBO 
Collector Cutoff Current (Vcg = 8 Vdc, Ig = 0) ICBO 


Note 1. Case Temperature is measured on the collector lead where it first contacts (continued) 
the printed circuit board closest to the package. 
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‘ELECTRICAL CHARACTERISTICS — continued (Tc = 25° °C unless otherwise noted.) 


wee eee | | | : 


ON CHARACTERISTICS 


DC Current Gain (Ic = 30 mAdc, VcE = 5 Vdc) | 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance nk Figure 1 
(VcR = 6 Vdc, Ie = 0, f = 1 MHz) | 


Current Gain — Bandwidth Product . — Figure 7 
(VcE = 8 Vdc, Ic = 50 mA, f = 1 GHz) 


FUNCTIONAL TESTS 


Power. Gain at Minimum Noise Figure Figure 6 GNFmin 

(VcE = 6V, lc = 5 mA, f = 500 MHz) MRF524 © 

(VcE = 6V, lc = 5mA,f = 1 GHz) _ MRF521/522/5211,L.. : 
Noise Figure “ay . Figure6 |... NFmin 

(VcE = 6V,Il¢c = 5mA,f = 500 MHz) MRF524 

(VcE = 6V, lc = 5 mA, f = 1 GHz) MRF521/522/5211,L 2.8 a 


TYPICAL CHARACTERISTICS 


<< 


C, CAPACITANCE (pF 
PERREaRR 
Cip, INPUT CAPACITANCE (pF) 


i?) oO 


—— 


TOOT 


ae 
LL 


0 
0 1 2 3 4 6 7 8 Q 10 
Vop, COLLECTOR-BASE VOLTAGE (VOLTS) VBE, BASE-EMITTER VOLTAGE (VOLTS) 
Figure 1. Junction Capacitance versus Voltage Figure 2. Input Capacitance versus Voltage 


Vce = 6 Vde *MICROLAB 
HW-XXN 
AS APPLICABLE 


RF OUTPUT 
*BIAS a 
TEE 


RF INPUT _ **SLUG TUNER 


*BIAS **SLUG TUNER. 
~ TEE . 


= 4M ICROLABIFXR 
SF — 1IN<1GHz 
SF - 31IN = 1 GHz 


Figure 3. Functional Circuit Schematic 
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UT TTT TT I, 
LIV ATE TTT TE 
ANI AGaEs! 
ASNGGEEE) 
1ST TY. 


tp) LONGOYd HLCIMGNYE NIV9 “4 


Vee = 8 Vde 


Zp = 502 


a canecan CURRENT (mA) 


Figure 4. Gain-Bandwidth Product versus Current 


GAIN AND NOISE FIGURE VERSUS FREQUENCY . 


(€P) SYNDI:1 SSION ‘IN 


a 
el 
| |, 


~ (9p) NIvo ‘AND 


(€P) SHNDId SSION ‘AN 
b= 


2,021 1b 


2 at ae 


NX neeset. 52 


(a) Niv5 ‘IN5 


of, FREQUENCY (GHz) 


f, FREQUENCY (GHz) 


Figure 6. Tuned Circuit 


- Figure 5.50 Ohm System _ 


GAIN AND NOISE FIGURE VERSUS CURRENT .. __ 


— COT 
MITE 


(€P) 3UNDId ASION ‘JN 


REGEN 


ioe) oO 


(9P) NIV9 ‘N5 


(GP) BUND ASION ‘AN | 


s§ ae 
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~ tO LL ~ 


(CRA 
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MRF521, 522, 5211,L 
i 
ae 
an | 
at 
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_ —_ 


(@P} NIv9 ‘IN5 
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Ee ALTA | 
bs 7 
NN fon) CO 


Ic, COLLECTOR CURRENT (mA) 
| Figure 8. Tuned Circuit — Frequency 1 GHz 


Gs; ren “meet (mA) 


Figure 7. Tuned Circuit — Frequency 500 MHz 
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GUmax: GAIN (dB) 


4, 4, FREQUENCY (Gk 


- Figure 9. Gumax Versus Current- 


'MRF521 COMMON EMITTER S-PARAMETERS 
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MIRF521 Series 


40 a 
: 7 VcE = 8 Vdc 
32 {ip = 50 mA 
, —% = 59 —| 
ae | : 
2 uh a ae 
3 — ‘MRF521, 522, 5 | 7 
= 16 — —< 
3 = od 
aa |“ 
8 
015 02 05” 1 2 


f, FREQUENCY (GHz} 


Figure 10. Insertion Gain versus Frequency 


MRF522 COMMON EMITTER S-PARAMETERS 
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MRF521 Series 


MRF524 COMMON EMITTER S-PARAMETERS 


VceE | Ic 
(Vde) | (mA) 


6 


- 


MOTOROLA RF DEVICE. DATA 


Oo 7oO4 


MIRF521 Series 


MRF5211,L COMMON EMITTER S-PARAMETERS 


Sae4 Sas 
“al 


| Voce ic f 
| (Wde) | (ma) | (Rte) 
| 6 5 200 
1 49 
8 


MOTOROLA RF DEVICE DATA 


3-582 


MRF521 Series 


CHIP TOPOGRAPHY 


Nominal Chip Size: 0.015” x 0.016” x 0.005” 
Front Metallization: Gold _ 

Back Metallization: Gold 

Emitter Base Bond Pad: 2.2 x 2.2 mil 
#Emitter Fingers: 22: . : 

#Base Fingers: 23 

Emitter Diffusion: lon-Implanted Arsenic 


OUTLINE DIMENSIONS 


NOTE: ALL RULES AND NOTES ASSOCIATED WITH T0-72 


OUTLINE SHALL APPLY, NOTE: ; 
; 1, DIMENSION K APPLIES TO ALL LEADS, ” 


MILLIMETERS INCHES = 
DIM MAX | MIN | MAX 


0.209 | 0.230 
0.178 | 0.195 
0.170 ait 
0.016 | 0.021 
— | 0.030 
0.016 |.-0.019 
0.100 BSC 


45° BSC 
; . “0,050 BSC STYLE 1: 
STYLE 10: PIN 1. COLLECTOR 


2. EMITTER 


PIN ; ae . * CASE 20-03 3. BASE 


3, COLLECTOR TO-206 AF - 4, EMITTER | ~ CASE 303-01 
(TO-72) 


vd a 8 | STYLE 1: MILLIMETERS [INCHES 
NOTE: PIN 1. COLLECTOR MIN ii MAX [| MIN | MAX | 


DIMENSION D NOT APPLICABLE IN ZONE N. 2, EMITTER [ 304 | O10 | 0.120 


MILLIMETERS 3, EMITTER ° 139 | 0047 | 0085 
114 | 0.033 | 0.045 | 
0.45 | 0.015 | 0.018 
0.15 | 0. 0.006 
2.03 F o.c080 | 
0.60 | 0.020 | 0.024 
0.25 | 0. 0.010 
2.48 | 0.083 | 0.098 | 
060 | 0. 0.024 
083. | 0.028 | 0,033 


11.43 | 0.415 
165 | — 
0.88 | 0. 0.035 _| 


STYLE 2: 0.102 0.0040 


PIN 1, COLLECTOR poe ae *Low Profile = Case 318A-02 
2; EMITTER 7 
3, BASE 

4, EMITTER CASE 318B-01 


’ (SOT-143) 
i | 


0,008 | 0,012 
0,030_ | 0,045 


|e |x |= \R |x! lon lolo lo |> SZ 


SEATING PLANE 


CASE 317-01 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


MRF525 


The RF Line : | | 


100—500 MHz BROADBAND 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


... designed specifically for broadband linear amplifier stages. in 
the 100—500 MHz frequency range. 


® Guaranteed Performance at 225—400 MHz, 26 Vde 
Minimum Gain = 13 dB 
Maximum. NF = 4.0 dB 
® Third Order Intercept +35 dBm (Typ) 


@ Common Emitter TO-39 Package 


® S-Parameter Characterization 


SEATING 
PLANE 


MAXIMUM RATINGS 


Coliector-Emitter Voltage _ 7 
(RgE = 330 2) 
Collector-Base Voltage 


Emitter-Base Voltage : ; 


Total Power Dissipation @ T , = 50°C 
Derate above 50°C . 


PIN 1. COLLECTOR 
PIN 2. BASE 
PIN 3. EMITTER 


2.54 TYP 
90° NOM 90° NOM 


NOTE: The pin configuration of this - 
version of the 10-39 package differs 
from the common isolated emitter type. 


All JEDEC dimensions and notes apply. 


CASE 79-03 
TO-39 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| _ Characteristic Psy — win [pe Te [J | Min | tye | Max | Unit 


OFF CHARACTERISTICS 

ee 
(Ic = 5.0 mAdc, |p = 0) 

Collector-Emitter Breakdown Voltage Shane Medit Cie Mth inet 
(I¢ = 5.0 mAdc, Ree = 330 Ohms) - 

~~ (Ic = 0.1 mA, Ie = 0) me | 

lc i 
(le = 0.1 mA, Ic = 0) - : =. 

Collector Cutoff Current ICEO 


“ON CHARACTERISTICS 


DC Current Gain 
(Ic = 80 mAdc, VcgE = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
‘e= 50 mAdc, Vee = 20 Vdc, f = 200 MHz) © 


Output Capacitance 
(Vcp = 10 Vdc, Ie = 0; f = 1.0 MHz) 


FUNCTIONAL TEST — BROADBAND (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 26 Vdc, P;, = 0 dBm, f = 400 MHz) 


Broadband Noise Figure 
(VcE = 26 Vde, f = 400 MHz) 


FIGURE 1 — 225 to 400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


Ci. HAT, a 
C1 - RF 
RF o> Output 
Input we. 
L5 ue 
C2 = 
L4 
OQ +26 Vdc 
R4 R5 
C1, C2 — 2.5-11 pF Erie Ceramic Variable _ R6 — 120 2 1/2 Watt Carbon 


C3. — 47 uF 6.0 Volt Electrolytic 

C4, C5 — 1000 pF Feedthru 

C6 — 470 pF Ceramic Chip - 

C7 — 5.5-18 pF Erie Ceramic Variable 


L1—1 Turn #24, 0.125 mil ID 

L2,L4 —'0.47 WH Molded Choke 
L3 — 2 Turns #24, 0.125 mil ID 
L5 — 4 Turns #24, 0.125 mil ID 
R1 — 150 2 1/8 Watt Carbon 
R2— 100 22 1/8 Watt Carbon 
R3, R4 — 10 kQ 1/8 Watt Carbon *Transistor Under Test 

R5 — 3.3 kQ 1/8 Watt Carbon Ie = 47 mAdc (Nominal) 


Q2 — 2N2907A 
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FIGURE 2 — COMMON-EMITTER POWER GAIN (Gma,x) FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT 
versus FREQUENCY versus COLLECTOR CURRENT 
4.0 


3.0 


(dB} 


2.0 


‘Imex 
: 


“ 


fy, CURRENT GAIN BANDWIDTH PRODUCT (MHz) 


100 200 + 300 400 500 700 1000 0 i 2 30 40 50 60 70 80 90 100 
f, FREQUENCY (MHz) Ip, COLLECTOR CURRENT (mA) 


bs. ee . a, FIGURE 5 — 1.0 dB GAIN COMPRESSION OUTPUT 
FIGURE 4— BROADBAND AMPLIFIER RESPONSE... versus FREQUENCY . 


— 16 = 
12 eS 
= 
- 
Be > 12 
a) E 4 
= 8.0 7 cae = = 
a | T E 8.0 
a Measured in circuit 
ae x shown in Figure i. 
Measured in circuit 4.0 
shown in Figure 1. 
Pi, =O dBm. 
200 300 400 200 300 400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 6 — THIRD ORDER INTERCEPT 


+60 
+40 
€ 
co 
= +20 
J 
sr all ee 
24 Fe le 
eg anes ae 724 Fe ae ee 
eae a (OF a Pa ee ee 
=e eae ee Fi ae 
E 40 cee (eae (a a shown in Figure 1. 
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Two-Tone Test: 


esd he deed 
Fa a a a a DD ee 
ies Alle ce ie ee ete 


-10 0 +10 +20 +30 +40 +60 +60 


Pin, INPUT LEVEL (dBm) 
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S— PARAMETERS 


| VCE Ic requenay |__S1t__] 
(Volts) | (mA) (MHz) | ist do _| Lo 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


| ‘The RF Line 


HIGH FREQUENCY | 
TRANSISTOR | 


NPN SILICON HIGH FREQUENCY TRANSISTOR 
- NPN SILICON 


designed: for high voltage and high current tT switching 
applications. These devices are also ideal for CRT drivers. 


® High Collector-Emitter Breakdown Voltage — 
BVCEO = 100 Vdc (Min) @ Ic = 10 mAdc 


® High Current-Gain — Bandwidth Product — 
fT = 800 MHz (Typ) @ Ic = 50 mAdc © 


®@® Characterized with Safe Operating Area (SOA) Curves 


MAXIMUM RATINGS | 


Collector-Emitter Voltage 


Collector-Base Voltage ese 0} a 
[EmiterBaxe Votes | veso [35 1 
1 2.5 
14 


Tota! Device Dissipation @ Tor 25°C 
Derate above 25°C 


j storage i ernperature ene 


THERMAL CHARACTERISTICS 


Thermal Resistance, junetion to Case 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted). 


OFF CHARACTERISTICS j 
bata ed Bie Bl 
(I¢ = 10 mAdc, |p = 0) aa 
pMtigeetmadcieso [meee] 18 | PT 
(c= 0.1 mAdc, Ig = O) 
a eee 
ee 0.1 anae, lc = 0) 
Collector Cutoff Current ICES uAdc 
bei RE Dal Bi Gd 
ON CHARACTERISTICS 
DC Current Gain 
oh 
Collector- Emitter en Voltage ines Bd 
(Ico = 10 mAdc, Ig = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1¢ = 50 mAdc, VceE = 25 Vdc, f = 100 MHz) 

Output Capacitance 

(Vcp = 10 Vdc, le = 0, f = 1. 0 MHz) 


Input Capacitance 
(VBE = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


= 
= 
e 


091/00 
asco 
oO;c 


So 
> 
fam) 
fap] 


JE | 
|G | 
| oH | 
| _K | 
| 
EJP] 
E202 
| R | 


Ail JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 
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FIGURE 1— CURRENT-GAIN — BANDWIDTH PRODUCT 


| FIGURE 2 - i INPUT CAPACITANCE 
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FIGURE 4 
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OUTPUT CAPACITANCE 


. COLLECTOR CURRENT i 


we 
AO: 20 
FIGURE 3 


(ZHW) LONGOYd HLGIMONVS NIVO-LNIYHND ‘Ly (49) ONWLIDVdV9 LNdLNO “99 


- 400 


Vce, COLLECTOR-EMITTER re dag 


ae COLLECTOR-BASE VOLTAGE (VOLTS). 


MOTOROLA RE DEVICE DATA 


3-589 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


TheRFLine a | MIRF542 
1 Silicon — | | ; | | MRFS4s 


High Frequency Transistors 


e a 
a oe base amplifiers “eed in medium and HIGH FREQUENCY 
. 4 TRANSISTORS 

@ High Collector-Base Breakdown Voltage VipR)CBO = 120V (Min) | | NIPAI SILICON 

€ Siripline Opposed Base Construction aed “* 
® Common Base Insertion Gain = 5.5 dB (Typ) 
®@ Package Options for Low Cost (MRF542), High Power Dissipation (MRE548) 
@ Die Source Same as MRF544 ~~ 
@ Emitter Ballasted for Improved Ruggedness 


MAXIMUM RATINGS 


_ MRF542 
CASE 317D-01 
PLASTIC 


MRF542 
~ MRF548— 


Total Device Dissipation @ Te = 75°C (1,2) MRF542 | 
MRF548 - 
Derate above 75°C ~ MRF542/548 mw/°C 


LT aR RR ETE 
THERMAL CHARACTERISTICS 

Ce ee ee 
[hermal esitnce Junction Case ——~SSS*dYSCR ae =| 


ELECTRICAL CHARACTERISTICS ale = 25°C unless otherwise noted.) 


er 
OFF CHARACTERISTICS | . 

a a 
Collector-Base Breakdown Voltage (Ic = 0.1 mAde, IE = 0) | vprycpo | 120 | — | — | vac | 
Emitter-Base Breakdown Voltage (Ip = 0.1 mAdc, Ic = 0) | Verepo | 3 | -— | — | Vde 


Collector Cutoff Current (VceE = 80 Vdc, Veg = 0, Tc = 25°C) ICES 


Collector Cutoff Current (Vcg = 80 Vdc, IE = 0) : ICBO. - 


ON CHARACTERISTICS 


[BC Current Gain ic = S0mada Vee= Tove —Ss=~=«ditCi‘i CT 8] — | - | — | 

DYNAMIC CHARACTERISTICS 

[ouput Caposinee ee = 00s a= TR [ae 
Collector-Base Capacitance (VcB = 10 Vdc, (ae = 0, f = 1 MHz). ee 


i copecance ep = 3Vae.f= TM) | | =| es | |r 


FUNCTIONAL TESTS 


Common Base Gain (Veg = 10 V, Ic = 100 mA, f = 250 MHz) ISo4/2 Les [=] «_ 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. ; 
-(2) The MRF542 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques i in PowerMacro Transistor,” discusses 
methods of mounting and heatsinking. . 


“Oberating Junction metaborate ; 


MRF548 
CASE 244A-01 
(TO-117) - 
CERAMIC 


MOTOROLA RF DEVICE DATA 


3-590 


MRF542, MRF548 


Ic, COLLECTOR (mA) 
~ Cip, CAPACITANCE (pF} 


0 20 430 40 °# 50 6° 70 BOs ar 


: cy ae BU 4 s 
Voce, COLLECTOR-EMITTER VOLTAGE (Vdc) . -\Vep, EMITTER-BASE:VOLTAGE (Vd) 
oe Figure 1. Safe Operating Area | Figure 2. Input Capacitance versus Voltage _ 
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__ OUTLINE DIMENSIONS 


MILLIMETERS | 


1.40 


STYLE 3: | 
_ PIN 1. COLLECTOR 2:92 
2. BASE. 
3. EMITTER | | 
4. BASE STYLE 3: : a nes 
. A PIN 1. BASE a | CASE 244A-01 
CASE 317D-01_ ee cs CERAMIC 


"DIMENSION D NOT APPLICABLE IN ZONES N AND R. PLASTIC 4, COLLECTOR (TO-117) 


MOTOROLA RF DEVICE DATA 


3-591 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF pane MRE543 


VIRF549 


. designed primarily for high frequency common base amplifiers used in medium and 
high resolution color video display monitors. . HIGH FREQUENCY 


High Collector-Base Breakdown Voltage V(BR)CBO = 100 V (Min) TRANSISTORS 
Stripline Opposed Base Construction PNP SILICON 
Common Rase Insertion Gain = 5.5 dB (Typ) 

Package Options for Low Cost (MRF543), High Power Dissipation (MRF549) 
Die Source Same As MRF545 | 

Emitter Ballasted for Improved Ruggedness 


@®66@ 8 © ® 


MAXIMUM RATINGS (Note 1) 


 MRF543 
CASE 317D-01 
PLASTIC 


Collector-Current — Continuous 


Operating Junction Temperature MRF543 
MRF549 


Total Device Dissipation @ Tc = 75°C (2,3) MRF543 


. MRF549 
Derate ap Ove 75°C MRF543/549 mWw/°C 
(TO-117) 
THERMAL. CHARACTERISTICS CERAMIC 
Characteristic Symboi Unit 


Thermal Resistance, Junction to Case oe a oe 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. Note 1.) 


Collector-Emitter Breakdown Voltage (Ic = 1 mAdc, Ip = ee Se 
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, IE = 0) | verso | 100 | — | — | vac | 
[ieee sation voluse ig = a mite te= 0 | Maneno [8 [| var 
Collector Cutoff Current (Vce = 80 Vdc, VgE = 0, Tc = 25°C) | lcs | — | — | 100 | wade. | 
Collector Cutoff Current (Veg = 80 Vde, Ip = 0) IcBo P= | = [ 2 | adc | 
ON CHARACTERISTICS : | 7 | 


DYNAMIC CHARACTERISTICS 3 


OFF CHARACTERISTICS 


Output otek al bac: Ba 10 Vdc, le = 0, f = 1 MHz) 


FUNCTIONAL TESTS | 
Common Base Gain (Vcg = 10 V, Ic = 100 mA, f = 250 MHz) S942 Pb Ob | BG ee dB 


Notes 1. Voltages and currents for PNP transistors are given for magnitude information only. 
Polarity is assumed to be opposite that of an NPN transistor. 
2. Tc, Case temperature for MRF543 measured on collector lead immediately adjacent to body of package. 
3. The MRF543 PowerMacro must be properly mounted for reliable operation. AN938, ‘Mounting 
Techniques in PowerMacro Transistor,” discusses methods of mounting and heatsinking. 


~MOTOROLA RF DEVICE DATA 
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MRF543, MRF549 
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. Figure 2. Input Capacitance versus Voltage 3 
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Figure 4. Junction Capacitance versus Voltage 


OUTLINE DIMENSIONS 


PLASTIC 


STYLE3: 
PIN 1. COLLECTOR 


CASE 317D-01 


Tc, CASE TEMPERATURE (°C). 
Figure 3. Power Dissipation versus Temperature 
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MOTOROLA RF DEVICE DATA 
3-593 


MOTOROLA. 


m= SEMICONDUCTOR | 
TECHNICAL DATA 


- MRF544 


The RF Line eS ——e | 
MRFC544 

NPN Silicon | : | 

High Frequency Transistors 


. ff = 1400 MHz (Typ) 


... designed for high-frequency and medium and high resolution color video - @ 50 mA 
display monitors. - ve | : HIGH FREQUENCY 
@ Emitter Ballasting for Improved Ruggedness TRANSISTORS 

@ High Power Gain — GU(max) = 16.5 dB (Typ) @ f = 500 MHz 7 ee. 

@ lon|Implanted | . 

® High Collector Base Breakdown Voltage — V(BR)CBO, 120 V (Min) 

® High fr — 1400 MHz ee . . & 

® State-of-the-Art Technology Fine Line Geometry MRF544 
® Gold Top Metallization _ . ae CASE 79-02 
e 


Silicon Nitride Passivation | ene a TO-205AD 
co | | ae (TO-39) 


CHIP . 


| MRFC544 | 
~ Rating 


Collector-Emitter Voltage a VCEO “3 70 [7 ~~ Vde 
[cotlectorCurent—Goninwous——SSSCS~dSCSCiSCd 
Total Device Dissipation @ Tc = 75°C | Ra Bs 5 
Derate above 75°C ; TJmax = 200°C 28 mWw/°C 


Storage Temperature Range | —65 to +200 ~65 to +200 


MAXIMUM RATINGS 


MOTOROLA RF DEVICE DATA 


3-594 


MIRF544, MRFC544 


a ELECTRICAL CHARACTERISTICS (Tc = 25°C: unless: otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO ao 


(ic =1 mAde, lp. = Q) 
. YIBRIEBO 


Collector- Base Breakdown Voltage 
~(I¢ = 100 pAde, IE-= 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 80 Vde, VBE = 0, Tc = 25°C) 


Collector Cutoff Current 
(VcR = 80 Vde, Ip = 0)» 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mA, VcE = 5 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcR = 10 Vde, Ie = 0, f = 1 MHz): 


Junction Capacitance | 
(Veg = 10 Vde, Ie = 0, f = 1 MHz) 


Input Capacitance 
(VER = 3 Vdc, Ic = 0, f=1 MHz) 


Current Gain-Bandwidth Product 
(Ic = 50 mA, VcE = 10 V, f = 250 MHz) 


FUNCTIONAL TESTS 


Maximum Available Gain 
(Ic = 50 mA, VcE = 10 V, f = 250 MHz) 


Insertion Gain 
(Ic = 50 mA, VcE = 10 V,f = 250 MHz) 


f = 250 MHz 
VcE = 10 V to 25V 


H PRODUCT (MHz) 
= 


ao 
7 = 
2 Q.. 
< = 
oO [an 
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co 
Zz 
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| | | oT TU TTEN 
ee 
100 ~~ = 200 400 600 1000 2000 
f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA} 
Figure 1. Power Gain versus Frequency Figure 2. Gain-Bandwidth Product versus 


Collector Current 


MOTOROLA RF DEVICE DATA 


3-595 


MIRF544, MRFC544 
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Figure 5. Dissipation versus Temperature Figure 6. Safe Onerating Area 


Figure 7. Input/Output Reflection Coefficient Figure 8. Forward/Reverse Transmission 
versus Frequency (GHz) Coefficients versus Frequency (GHz) 
VcE = 10V Ic = 50mA VcE = 10V_ Ic = 50 mA 


MOTOROLA RF DEVICE DATA 


3-596 


MRF544, MRFC544 


COMMON EMITTER S-PARAMETERS 


VCE Ic 
(Volts) | (mA) 


25 


TO-39 
CASE 79-02 


PLANE 
STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


All JEDEC Dimensions and Notes Apply. 


MOTOROLA RF DEVICE DATA 


3-597 


MOTOROLA 
aa SEMICONDUCTOR Ea 
TECHNICAL DATA | 


tee MRF545 
The RF Line 
PNP Silicon 


High Frequency Transistors 


ft = 1250 MHz (TYP.) 


e designed for high-frequency and medium and high resolution color video . @50 mA 
display monitors. , : . | HIGH FREQUENCY 
@ Emitter Ballasting for Improved Ruggedness TRANSISTORS 
® High Power Gain — Gy(max) = 15.5 dB (Typ) @ f = 250 MHz _PNP SILICON 


@ lonimplanted =| 
@ High Collector Base Breakdown Voltage — V(BR)CBO: 100 V (Min) 
@ High ff — 1250 MHz (Typ) oe 
® State-of-the-Art Technology 
Fine Line Geometry 
Gold Top Metallization 
Silicon Nitride Passivation — 


MRF545 
' CASE 79-02 
TO-205AD 
(TO-39) 


-CHIP 
MRFC545 


MAXIMUM RATINGS (Note 1) 
| Rating 


| Oo 28 


Total Device Dissipation @ Tc = 75°C. Be - Watts 
Derate above 75°C TJmax = 200°C ~mwerec 


Note 1. Voltages and currents for PNP transistors are given for magnitude information only. Polarity is assumed to be opposite that of an NPN transistor. - 


3.5 


Storage Temperature Range 


“MOTOROLA RF DEVICE DATA 


3-598 


MRF545, MRFC545 


ELECTRICAL CHARACTERISTICS (Note 1, Tc = = 25°C unless otherwise noted.) 


a ae ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 3 
(I¢ = 0.1 mAdc, IE = 0). 


ced a ME a 
Pamela] 
2 a a 

sie eae Eo 
(i Beet ee 


Emitter-Base Breakdown Voltage 
(IE = 0.1. mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 80 Vde, VBE = 0, Tc = 25°C) 


Collector Cutoff Current 
(Vcp = 80 Vdc, Ie = 0) . 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 50 mAdc, Veg = 10 Vdc) - 


DYNAMIC CHARACTERISTICS 


Output Capacitance. 
(VcB = 10 Vdc, IE = 0, f = 1 MHz) 


Junction Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1 MHz) 


Input Capacitance 
_ (VER = 3 Vdc, Ic.= 0, f = 1 MHz) 


Current Gain-Bandwidth Product 
(lc = 50 mA, Vce = 25 V, f = 250 MHz) 


FUNCTIONAL TESTS. 


Maximum Available Gain : 
(lc = 50 mA, VcE = 25 V, f = 250 MHz) 


Insertion Gain 
(lc = 50 mA, VceE = 25 V, f = 250 MHz) 


Note 1. Voltages and currents for PNP transistors are ‘given for Sapniide information only. 
Polarity is assumed to be opposite that of an NPN transistor. 


GAIN (dB) 
fy, GAIN BANDWIDTH PRODUCT (MHz) 


SSEREERENE 
ERR RRERE 


100 200 | ~~ 500. 700 1000 2000 - 2 . 
f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) | 
Figure 1. Power Gain versus Frequency Figure 2. Gain-Bandwidth Product versus 


Collector Current 


MOTOROLA RF DEVICE DATA 


3-599 


MRF545, MRFC545_— 
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Figure 3. Input Capacitance versus Voltage | Figure 4. Junction Capacitance versus Voltage 


MAXIMUM DISSIPATION (W) 
Ic, COLLECTOR CURRENT (mA) 


. . 6 1020 3040 sw 80) OU su =690)~=— 100 
t, TEMPERATURE (°C). Veg, COLLECTOR-EMITTER VOLTAGE (Vdc) 


Figure 5. Dissipation versus Temperature | | Figure 6. Safe Operating Area 


OUTLINE DIMENSIONS 


MILLIMETERS | INCHES | 
‘MIN MIN | MAX 


~ STYLE 1: 
PIN 1. EMITTER 
2. BASE . . 
3, COLLECTOR 


CASE 79-02 
TO-205AD 


(TO-39) All JEDEC Dimensions and Notes Apply. 


MOTOROLA RF DEVICE DATA 


3-600 


MRF545, MRFC545 


Mie 
7, 
es) 


Figure 7. Input/Output Reflection Coefficient | 7 Figure 8. Forward/Reverse Transmission 
versus Frequency (GHz) _ Coefficients versus Frequency 


COMMON EMITTER S-PARAMETERS 


MOTOROLA RF DEVICE DATA 


2.AN1 


MOTOROLA 


= SEMICONDUCTOR mm 


TECHNICAL DATA 


MRF546 


HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


sdesignéd for high current, high Pendaneye common base amplifiers used in medium 
and high resolution color video display monitors. 


Stripline Opposed Base Construction 

Die Source 2X Common Base MRF548 

Common Base Insertion Gain = 6 dB (Typ) 
High Collector-Base Breakdown Voltage V(pR)CBO = 120 Vdc (Min) 
Emitter Ballasted For Improved Ruggedness 

Gold Top Metallization’ . 

Silicon Nitride Passivation 


MAXIMUM RATINGS 


Collector- Base Voltage 


Emitter-Base Voltage 


Collector- Current — Continuous 


Operating Junction Temperature 


Total Device Dissipation @ Tc = 75°C 
Derate above 75°C _ 


THERMAL CHARACTERISTICS 


Characteristic _ Symbol ae 
Thermal Resistance, Junction to Case ~ ReJc ae eee 


ELECTRICAL CHARACTERISTICS ae = 25°C unless otherwise noted.) : 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 2 mAdc, Ip = 0) Cae | = [=e 
Collector-Base Breakdown Voltage (Ic = 0.2 mAdc, IE = 0) |Vpricpo| 120 | — | — | va | 
Emitter-Base Breakdown Voltage (IF = 0.2 mAdc, Ic = 0) | ‘Viprieso| 3 | — | — | Vde 
Collector Cutoff Current (Veg = 80 Vdc, Vge = 0, Tc = 25°C) oc a Be 
EL a as 


ON. CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 


‘MOTOROLA RF DEVICE: DATA 


3-602 


MRF546 


—T ON 
(vw) LN3YYND YOLIITIOO I 


Te, CASE TEMPERATURE (°C) 


VCE, COLLECTOR-EMITTER VOLTAGE (Vdc) 


Figure 2. Power Dissipation versus Temperature | 


Figure 1. Safe Operating Area - 


(fo) t+ N ae co co st N (a) 


—_—_ —_— — 


(44) JONWLIOVdV9 ‘9 


1 MHz 


f 


CCP 
RERPARGGEE 
VEL ET TTY 
LULL 


wt sONVLOVAY I INdNI ay 


Vc, COLLECTOR-BASE VOLTAGE (Vdc) 


Vep EMITTER-BASE VOLTAGE (Vdc) 


Figure 4. Junction Capacitance 


_ Figure 3. Input Capacitance versus Voltage 


versus Voltage 


OUTLINE DIMENSIONS 
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2. EMITTER 


3, BASE 
4. COLLECTOR 


PIN 4. BASE 


STYLE 3: - 


e 
< 
i 
N 
Lil 
22) 
< 
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MOTOROLA RF DEVICE DATA 


RRNA | 


MOTOROLA 
1 SEMICONDUCTOR mm 
TECHNICAL DATA 


MRF547 


HIGH FREQUENCY © 
TRANSISTOR 


. designed for high- -current, igh -frequency common base amplifiers used in medium PNP SILICON - 


ane high resolution color video display monitors. 


Stripiine Opposed Base Construction 

Die Source 2X Common Base MRF549 

Common Base Insertion Gain = 5.5 dB (Typ) 

High Collector-Base Breakdown Voltage VigR)CBO = 100 Vdc (Min) 
Emitter Ballasted For Improved Ruggedness— 

Gold Top Metallization 

Silicon Nitride Passivation 


MAXIMUM RATINGS (Note 1} 


Collector-Base voltage. 


Emitter-Base Voltage 


Collector Current — Continuous 


Operating Junction Temperature 


Total Device Dissipation @ Tc = 75°C 
Derate above 75°C 


Characteristic 
Thermal Resistance, Junction to Case | Rec 


100 
| 3 
Collector Cutoff Current (VcE = 80 Vdc, Vpf = 0, Tc = 25°C): ICES 


Collector Cutoff Current (VCB = = 80 Vdc, IF = 0) ICBO 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS — 


FUNCTIONAL TESTS 


Note 1. Voitages and currents for PNP transistors are given for magnitude information only. Polarity is assumed to be opposite that of an NPN transistor. 


MOTOROLA RF DEVICE DATA 


3-604 


MRF547 
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wo = ™N 
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Tc, CASE TEMPERATURE (°C| 


Veg, COLLECTOR-EMITTER VOLTAGE (Vdc) 


Figure 2. Power Dissipation versus Temperature 


Figure 1. Safe Operating Area 
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Veg, COLLECTOR VOLTAGE (Vdc) 


ves EMITTER-BASE VOLTAGE (Vdc) 


Figure 4. Junction Capacitance versus Voltage 


Figure 3. Input Capacitance versus Voltage 


~ OUTLINE DIMENSIONS 


ico] oOo SK] OPwrl 
2 4 acd od 


2, EMITTER 


3. BASE 
4, COLLECTOR 


PIN 1. BASE 


_. STYLE 3: 


~ CASE 244A-01 


CERAMIC 


MOTOROLA RF DEVICE DATA 


3-605 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


MRF553 


iar eecteeet re on 


15 W 175 MHz 


RF LOW POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF LOW POWER TRANSISTOR 
. designed primarily for wideband large signal predriver stages © 
in the VHF frequency range. | 


e opechicn @ 12.5 V, 175 MHz Eialacielletice 
‘Output Power = 1.5W - 
Minimum Gain = 11.5 dB 
Efficiency 60% (Typ) 
© Cost Effective PowerMacro Package 
@ Electroless Tin Plated Leads for Improved Solderability 


H 
an 
| MAXIMUM RATINGS Teg 
Son eee od ce aw ae ee 
fees vongs veg | 58 
Emitter-Base Voltage Yeo | __0___ vse _ 
Collector-Current — Continuous. | ae 508 


Total Device Dissipation @ c= = 75°C 1 ,2) Watts | 
: G PLANE 
_ Derate above 75°C ae SEATIN 


~" STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. ~ MILLIMETERS ain hax uw 


(2) The MRF553 PowerMacro must be properly mounted for reliable operation. AN938, 0.175 | 0.205 
“Mounting Techniques for PowerMacro Transistor,” discusses methods of mounting and 0. 0 
heatsinking. 7 | 3 ‘99 | 0.033 | 0.039 


CASE 317D-01 


"MOTOROLA BF DEVICE DATA. 


3-606 


MRF553 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


CS haractoritc «dS Symbol | Min | ty | Max | Unit 


OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Voltage ; (BRICEO Vdc 
(Ic = 10 mAdc, Ip = 0) . oe . 

Collector-Emitter Breakdown Voltage . V(BR)CES 
(Ic = 5.0 mAdc, Vee = 0) . . — 


Collector-Base Breakdown Voltage | | : | ViBRICBO | 
(Ic =.5.0 mAdc, Ip = 0) . 
Emitter-Base Breakdown Voltage - . . | VIBRIEBO | 
(lp =1.0mAdc,I¢=0) © | a | | 
2 


Collector-Cutoff Current . 
-(VcE = 15 Vde, Vege. = 0, Tc = 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 250 mAdc, VCE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 10-Vdce, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figure 1,2 
(Vcc = 12.5 Vdc, Pout = 1.5 W, f = 175 MHz) 


Collector Efficiency . Figure 1,2 


(Vec = 12.5 Vde, Poyt = 1.5 W, f = 175 MHz) 


Load Mismatch Stress No Degradation in 
(Vcc = 12.5 Vde, Pout = 1. ,f = 175 MHz, VSWR = 10:1 All Phase Output Power 
Angles) 


FIGURE 1 — 140-175 MHz BROADBAND CIRCUIT SCHEMATIC 


VBB =X. LN : R1 ». _ - - . - | ~ 5 x B Vcc = 
12.5 V ww, D1 I oo L9 | | Nez 12.5 V 
B . . oo + 
a CoA C10 
an | 7 
5 BE T C8. 
| , FOOT DUT. | i _ c7 
C2 = ol | a RF. 
RF lan L1 f L3 ot ‘On i L7 Output 
Input L2 | | f re 
C1. AKC3 Lo a | 

C1 — 36 pF Mini Underwood. . Lt —3 Turns, #18 AWG, 0.210"1D, 3/16” Length 

C2 — 47 pF Mini Underwood ~ L2, L4, L7 — 0.62”, #18 AWG Wire Bent into "V” 

C3 — 91 pF Mini Underwood L3, L6 — 60 x 125 x 250 Mils Copper Pad on 27 Mils Thick Alumina Substrate 

C4 — 68 pF Mini Underwood ~ L5 — 12 wH Molded Choke 

C5, C9 — 1.0 wF Erie Red Cap Capacitor L8 — 7 Turns, #18 AWG, 0.170" ID, 7/16” Length 

C6, C10 — 0.1 uF, 35 V Tantulum L9 — 1.0”, #18 AWG Wire with 5 Ferrite Beads 

C7 — 470 pF Chip Capacitor B — Ferrite Bead 

C8 — 2200 pF Chip Capacitor — Board Material — Glass Teflon, e, = 2.56, t = 0.0625" (See Photomaster, Figure 3) 


R1 — 4.7 kO, 1/44 W 
R2— 100 0, 1/44 W 
D1 — 1N4148 Diode 


~MOTOROLA RF DEVICE DATA 


Q.RN7 


MIRF553 


FIGURE 2 — 140-175 MHZ BROADBAND CIRCUIT 


FIGURE 3 — 140-175 MHz TEST CIRCUIT PHOTOMASTER 


MRESS3 
TSW VHF 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-608 


MRF553 


FIGURE 4 — TYPICAL PERFORMANCE IN 
BROADBAND CIRCUIT 


80 <> 


Loe) > qa Lo >) Pn 
So -& oOo oOo Oo 


Ge, POWER GAIN (cB! 
The COLLECTOR EFFICIENCY: (% 
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IgL, INPUT RETURN LOSS (dB) 


— 
oOo 2 


f, FREQUENCY (MHz) 


FIGURE 5 — Zin AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


ZoL* 
Ohms 


f Vec = 7.5 V; Pin Vec = 12.5 V; Pin Vec = 7.5 V; Pout Vec = 12.5 V; Pout 
Frequency 
MHz 200 mW | 300 mW 100 mW 1.0 W 


ees [sab [sn [a [es [sear [agen [aan ae [on we 


ZoL* 
Ohms . 


Voc = 7.5 V; Pin Voc = 12.5 V: Pin Voc = 7.5 V; Pout ae Voc = 125 V: Pout 


oe 
MHz 50 mW 200 mW 


1.6-j10.7 | 25-7. 2-j1. 89. [8.9 | 30.2-j10.7 || 45.8-j7.2 | 45.2-)3.9 


*ZOL = Conjugate of the optimum load impedance into which the device operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
3-609 


MRF553 


FIGURE 7 — POWER OUTPUT versus POWER INPUT 


FIGURE 6 — POWER OUTPUT versus POWER INPUT 


COREE 
JEN TT 


Pin, POWER, INPUT (mW) 


P;,, POWER INPUT (mW) 


FIGURE 9 — POWER OUTPUT versus FREQUENCY 


FIGURE 8 — POWER OUTPUT versus FREQUENCY 
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FIGURE 10 — POWER OUTPUT versus COLLECTOR 


FIGURE 11 — POWER OUTPUT versus COLLECTOR 
VOLTAGE © 


VOLTAGE 


VACHE 
COVE. 
PTTL ALLES 


AEA 
VV ML 
NAY AL 

PLN IN 


(SLi) inaino H3IMOd "nog 


Vcc, COLLECTOR VOLTAGE (Vdc) 


Vcc: COLLECTOR VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 


3-610 


MOTOROLA _ | 
ma SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon — 
RF Low Power Transistor 


1.5 W 470 MHz 


... designed primarily for wideband large signal predriver stages in the UHF frequency | RF LOW POWER 
range. | ~ TRANSISTOR 
®@ Specified @ 12.5 V, 470 MHz Characteristics @ Poyt = 1.5 W ae |e NPN SILICON | 


Common Emitter Power Gain = 12.5.dB (Typ) 
Efficiency 60% (Typ) ee | 

@ Cost Effective PowerMacro Package —= | 

® Electroless Tin Plated Leads for Improved Solderability 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 75°C (1,2) ~ 
Derate above 75°C 


THERMAL CHARACTERISTICS — | | a . | 


Thermal Resistance, Junction to Case . | Rec | 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic ; | Symbol Max | Unit | 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage (Ip = 0.1 mAdc, Ic = 0) 


DC Current Gain (I¢ = 100 mAdc, VcE 
DYNAMIC CHARACTERISTICS | oe 
Output Capacitance (VcR: = 15 Vde, le = 0,f =1 MHz) . 
FUNCTIONAL TESTS (f = 470 MHz) | 
Common-Emitter Power Gain (Vcc = 12.5 Vde, Poyt = 1.5 W) 
Collector Efficiency (Vcc = 12.5 Vdc, Pout = 1.5 W) 


Load Mismatch Stress | . . | No Degradation in Output Power 
(Vcc = 15.5 Vde, Pjn = 125 mW,: : . 
VSWR = 10:1 all phase angles) » 


(1) Tc, Case temperature, measured on collector lead immediately adjacent to body of package. 
(2) The MRF555 PowerMacro must be properly mounted for reliable operation. AN938, ‘Mounting Techniques in PowerMacro Transistor,” discusses methods 
of mounting and heatsinking. 


MOTOROLA RF DEVICE DATA 


9 C414 


MIRF555 


RF = 
POWER. | Ul 
INPUT _— 


*Ci, C3, C6 — 0.8-11 pF Johanson © 
C2 — 15 pF Clamped Mica, Mini-Underwood 
C4 — 36 pF Clamped Mica, Mini-Underwood 
C5 — 470 pF Ceramic Chip Capacitor 
C7 — 91 pF Clamped Mica, Mini-Underwood 
_. C8 — 68 pF Clamped Mica, Mini-Underwood 
—*.. C9— 1 pF, 25 V Tantalum 
. B— Bead, Ferroxcube 56-590-65/3B 


*Fixed tuned for broadband response. 


T RE 
POWER 


OUTPUT 


Li— 5 Turns #21 AWG, 5/32” LD. ; 

L2, L3 — 60 x.125 x 250 Mils Copper Pad on 27 Mil Thick 
Alumina Substrate 

L4,L5— 7 Turns #21 AWG 5/32’ 1.D. 

21 — 1.29” x 0.16” Microstrip. 


_ Z2 — 0.70" x 0.16” Microstrip 
23 — 2.18” x 016” Microstrip 


PCB — 1/16”. Glass Teflon, 1 oz. cu. clad, 
. double sided, e, = 2.5 
(See Figure 5 — Photomaster) 


Figure 1. 400-512 MHz Broadband Circuit _ 


Gpe, POWER GAIN (dB) 


% 


Nj¢, COLLECTOR 
EFFICIENCY 


IRL, INPUT 
(dB) 


RETURN LOSS 


f, FREQUENCY (MHz) 


Figure 2. Performance in Broadband Circuit | 


ff... 
Frequency 
. MHz. 


- *ZOL = Conjugate of the optimum load impedance into which the device operates at a given output power, voltage and frequency. 


Pout 400 MHz = 1.5 W | |Pout 400 MHz = 1. 
Pout 450 MHz 1.35 W Pout 450 MHz = . 


18.0 — j13.4 12.2—j197 
21.6 — j9:9_ 20.2 —.j18.6. 
20.1 — j1.0 _ 23.4 — j23.0 


Figure 3. Zip and Zo. versus Collector Voltage, Input Power and Output Power 


MOTOROLA RF DEVICE DATA 


3-612 


MRF555 


Figure 4. 400-512 MHz Broadband Circuit 


400 — 512 MHZ 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 5. 400-512 MHz Broadband Circuit Photomaster 


OUTLINE DIMENSIONS 
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CASE 317D-01 DIMENSION D NOT APPLICABLE IN ZONES N AND R. 
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MOTOROLA RF DEVICE DATA 
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-MRF555 
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Figure 6. Power Output versus Power Input 


Figure 7. Power Out 
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. Figure 9. Power Output versus Supply Voltage 


_ Figure 8. Power Output versus Frequency 
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Figure 11. Power Output versus Supply Voltage 


Figure 10. Power Output versus Supply Voltage | 


MOTOROLA RF DEVICE DATA 
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MOTOROLA __ 
aa SEMICONDUCTOR | 
TECHNICAL DATA | 
oo : MRF557— 


The RF Line 


“1.5W_ 870 MHz. 
RF LOW POWER 
_ TRANSISTOR - 


_ NPN SILICON RF LOW POWER TRANSISTOR cae eter 
NPN SILICON 


... designed primarily for wideband large signal predriver stages © | 
in the 800 MHz frequency range. . 


@ Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 1.5 W - 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 

® Cost Effective PowerMacro Package | 

® Electroless Tin Plated Leads for Improved Solderability _ 


MAXIMUM RATINGS | 


Total Device Dissipation @ Tc 
Derate above 75°C 


Storage Temperature Range —65 to +150 


. 7 PLANE 


STYLE 2: 


THERMAL CHARACTERISTICS PIN 1. COLLECTOR 
| Characteristic 2 EMITTER 
4. EMITTER 


(1) Tc, Case temperature measured on collector lead immediately adjacent to body of package. 
(2) The MRF557 PowerMacro must be properly mounted for reliable operation. AN938, 
“Mounting Techniques in PowerMacro Transistor,” discusses methods of mounting and 
heatsinking. 


CASE 317D-01 


MOTOROLA RF DEVICE DATA 


R-B145 


MIRF557 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[ symbot [win [typ [Max [Unt 


V(BR)CES Vde 


ICES 0.1 mAdc 
(Vce = 15 Vdc, Vee = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain hrE 200 
(I¢ = 100 mAdc, Vcge = 5.0 Vdc) . 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
| ii¢ = 5.0 mAdc, ig = 0) 


V(BR)CEO 16 
Collector-Emitter Breakdown Voltage 


(ic = 5.0 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(le = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(VcB = 15 Vdc, Ie = 0, f = 1.0 MHz) | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 1.5 W, f = 870 MHz) 


Collector Efficiency 


Figures 1, 2 


Figures 1, 2 
(Vcc = 12.5.Vde, Poyt = 1.5 W, f = 870 MHz) 
Load Mismatch Stress . 
(Vcc = 15.5 Vde, Pip = 225 mW, f = 870 MHz, 
VSWR = 10:1 all phase angles) 


Figures 1, 2 No Degradation in Output Power 


FIGURE 1 — 800-880 MHz BROADBAND CIRCUIT 


~ RF 
Power 
RF Output 
Power 
Input 


Ci, C2, C5, C7 — 0.8-8.0 pF Johanson Gigatrim* = 


C3, C4 — 15 pF Clamped Mica, Mini-Underwood 
C6 — 27 pF Clamped Mica, Mini-Underwood 
C8 — 91 pF Clamped Mica, Mini-Underwood 
C9 — 68 pF Clamped Mica, Mini-Underwood 
C10 — 1.0 uF, 25 V Tantalum 
B — Bead, Ferroxcube 56-590-65/3B 
PCB — 1/16" Glass Teflon, e, = 2.56 
(See Photomaster Figure 3) 


*Fixed tuned for broadband response. 


3-616 


MOTOROLA RF DEVICE DATA 


L1, L4— 5 Turns #21 AWG, 5/32” ID 
L2, L3 — 60 x 125 x 250 Mils Copper Tab on 
27 Mil Thick Alumina Substrate 


-L5— 7 Turns #21 AWG, 5/32” ID 


21 — 1.65 x 0.163” Microstrip, Z5 = 500 
22 — 0.85 x 0.163” Microstrip, Z5 = 50 2 
23 — 0.625 x 0.163” Microstrip, Z5 = 500 
Z4 — 1.35 x 0.163” Microstrip, Zg = 50 0 


MRF557 he 


es 


- FIGURE 2 — 800-880 MHz BROADBAND CIRCUIT 


MRFSS7 15 W 
B00 - 880 MHZ 


NOTE: The Printed Circuit Board shown is 75% of the original. 


“MOTOROLA RF DEVICE DATA 


Q-R17 


MRF557 


Gye, POWER GAIN (dB) 


~ ‘ac, COLLECTOR EFFICIENCY (%| 


0 0 
— 800 820 sg 840 860 ~ 880 900 


Vec =7.5V Vcc = 12.5 V 


f -Pout 806 MHz = 1.7W || Pout 806 MHz = 2.1 W 
FREQUENCY | : Pout 870 MHz = 1.4W || Poyt 870 MHz = 1.8 W 
MHz Pin = 200 mW Pout 960 MHz = 1.0W || Pout 960 MHz = 1.1W 
| 806 24+ j31 147-j44 || 13.8 — ji28 
870 2.5 + j4.6 2.7 + 73.7 _ 17.2 — j8.6 |}. 16 — j13.2 
960 ag 6.14574 © 68+ j83 = |} 40 — j8.3 | 38 — j10.5 


*ZoL = Conjugate of the optimum load impedance into which the device operates ata given output power, voltage and frequency. 


MOTOROLA RE DEVICE DATA 
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MRF557 


_FIGURE 7 — POWER OUTPUT versus FREQUENCY 


FIGURE 6 — POWER OUTPUT versus POWER INPUT 
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FIGURE 9 — POWER OUTPUT versus SUPPLY VOLTAGE 


FIGURE 8 — POWER OUTPUT versus FREQUENCY 
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FIGURE 10 — POWER OUTPUT versus SUPPLY VOLTAGE 


FIGURE 11 — POWER OUTPUT versus SUPPLY VOLTAGE 
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“MOTOROLA RF DEVICE DATA 


3-619 


MOTOROLA 
= SEMICONDUCTOR am 
TECHNICAL DATA 


MRF559 


- The RF Line 


0.5 W — 870 MHz 


HIGH FREQUENCY 
— TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 
... designed for UHF linear and large-signal amplifier applications. 
® Specified 12.5 Volt, 870 MHz Characteristics — 

ss. Output Power = 0.5 Watts r: 
Minimum Gain = 8.0 dB 
Efficiency = 50% 
@ S Parameter Data From 250 MHz to 1.5 GHz 

-. @ 1.0dB Compression > +20 dBm Typ 

@ Ideally Suited for Broadband, Class A, Low-Noise Applications 


@ Recommended As Driver for MHW808 and MHW820, 
806-870 MHz Power Modules . 


NPN SILICON, 


MAXIMUM RATINGS | | 


Rating | “Symbol iE Value Unit 

| Coiliector-Emitter Voltage Vcro | 18 Vde 
Collector-Base Voltage VcCRO 36 Vde 
Emitter-Base Voltage . VEBO 3.0 Vdc 


Collector-Current — Continuous Ic 150 mAdc 


Total Device Dissipation @ Tc =50°C PD 20 Watts 
Derate above 50°C » ; . 20 smW/°C 


| Storage Temperature Range - Tstg -~65 to +150 2C 


POWER DISSIPATION 


STYLE 2: 
PIN 1. COLLECTOR 
2, EMITTER 
3,BASE 
4, EMITTER 


DIMENSION D NOT APPLICABLE IN ZONE N. 


Cc 
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Tc, CASE TEMPERATURE (°C) 


CASE 317-01 


MOTOROLA RF DEVICE DATA. 


3-620 


MRF559 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . V(BR)CEO 18 
(Ic = 5.0 mAde, Ip = 0) | 
Collector-Base Breakdown Voltage . V(BR)CBO. 360 
(ic = 100 pAde, Ie =0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
(Ig = 100 Adc, Ic = 0) | 
Collector Cutoff Current ICES — 
(Veg = 15 Vdc, Vee = 0) ok | 


ON CHARACTERISTICS 


DC Current Gain . 
(Ic = 50 mAdc, Vcg = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Veg = 10 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 12.5 Vdc, Ie = 0, f= 1.0 MHz) - 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain f = 870 MHz 
(Vcc = 12.5 Vde, Poyt = 0.5 W) f = 512 MHz 


f = 870 MHz 
f = 512 MHz 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 0.5 W) 


TYPICAL PERFORMANCE @ Vcc =7.5V 


Common-Emitter Amplifier Power Gain ~f = 870 MHz 
(Voc = 7.5 Vde, Poyt = 0.5 W) f= 512 MHz 


Collector Efficiency f = 870 MHz 
(Vcc = 7.5 Vdc, Poyt = 0.5 W) - f= 512 MHz 


FIGURE 1 — 870 MHz TEST FIXTURE 


C1, C2, C4, C5 — 1.0-10 pF Johanson - Z1 —5001.5cm 


C3, C6 — 0.001 uF Chip Capacitor Z2 — 300 2.5cm 
C7 — 1.0 uF Tantulam . Z3 — 500 2.0cm 
L1, L4 — 4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long Z4 — 5001.2 cm 
L2, L3 — Ferrite Bead = Z5, 26 — 500 1.25cm 


Microstrip Elements — er = 1.0 


MOTOROLA RF DEVICE DATA 
3-621 


MRF559 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
f=512 MHz Vec=7.5V 
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Pin. INPUT. POWER (mW). f, FREQUENCY (MHz) : 
FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE _. FIGURE 5 — OUTPUT POWER versus FREQUENCY: 
f= 512 MHz Voc =12.5V 


Pout, OUTPUT POWER (mW) 


Pout. OUTPUT POWER (mW} 


5.0 7.5 id 12.5 15 17.5 400 425 450 475 - 500 525 
Vcc, COLLECTOR VOLTAGE (V) f, FREQUENCY (MHz) 


FIGURE 6 — Zj, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


f 


FREQUENCY 
© Vec-7.5V 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA RF. DEVICE DATA 
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MRF559 


FIGURE 7 — OUTPUT POWER versus INPUT POWER _ FIGURE 8 — OUTPUT POWER versus FREQUENCY 
f=870MHz | 


Vec=-7.5V 
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Pout. OUTPUT POWER (mW) 
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FIGURE 9 — OUTPUT POWER versus COLLECTOR VOLTAGE FIGURE 10 — OUTPUT POWER versus FREQUENCY 
“= 870 MHz Pee ~  Vec=12.5V > 
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FIGURE 11 — Zjn AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 
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16.3 - j40.8| 17.8 - j39.5]23.7 - j36.8| 
17.3 - j38.2| 18.3 - j39.3]23.9 - [36.0 
17.2 - j36.1] 20.1 - j38.5|24.5 - j35.6 


*ZoL= Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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FIGURE 12 — GAIN versus FREQUENCY 
VCE = 10V. Ic = 50-100 mA 
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FIGURE 13 — GAIN versus COLLECTOR CURRENT versus COLLECTOR CURRENT 
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FIGURE 15 — CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT iy 2: FIGURE 16 — OUTPUT CAPACITANCE versus 
VcE=10V. | , : COLLECTOR BASE VOLTAGE 


— 


OUTPUT CAPACITANCE (pF) 
co) o> 
| ete] df 


f,, CURRENT GAIN BANDWIDTH PRODUCT (GHz) 
RO 
fom] 


EaSeae 


0 20 40 60 80 10 -12 14 #16 18 20 
Ic, COLLECTOR CURRENT (mA) Vcp, COLLECTOR BASE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MRF559 


FIGURE 17 — COMMON EMITTER SCATTERING PARAMETERS . 
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MOTOROLA RF DEVICE DATA 
3-625 


MRF559 


FIGURE 18 — TUNABLE TEST FIXTURE 


FIGURE 19 — PRINTED CIRCUIT BOARD LAYOUT 
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MOTOROLA RF DEVICE DATA 


3-626 


MOTOROLA 
= SEMICONDUCTOR sam 
TECHNICAL DATA 


MRF571 


MRF572 
MRFC572 


_ NPN SILICON HIGH FREQUENCY TRANSISTORS 


. designed for low-noise, wide dynamic range front end am- | 
plifiers, low-noise VCO’s, and microwave power multipliers. 
® Low Noise 
High Gain 
Available in Low Cost Plastic, High Reliability Ceramic or Die | 


State-of-the-Art Technology : : .0 GHz @ 50 mA 
: . eu .0 dB @ 500 MHz 
Fine Line Geometry 5 dB @ 1.0 GHz 


lon Implanted Arsenic Emitters .5 dB @ 2.0 GHz 

Gold Top Metallization and Wires 

Silicon Nitride Passivation — : HIGH FREQUENCY 
Fully Characterized TRANSISTORS 


NPN SILICON 


MRFC572 MRF571 | MRF572 


Macro-X 
MAXIMUM RATINGS i ' Case 317-01 Case 303-01 


Total Device Dissipation @ Tc = 50°C(1) 
Derate above Tc = 50°C Tj = “200°C 
aes 
Storage Temperature | -65 to +200 | —65to +150 | -65to +200| °c | 


NOTE 1. Case temperature measured on collector lead sennvialataly adjacent to body of package. 


Collector Current — Continuous ee 
Z i 


MOTOROLA RF DEVICE DATA 


rn AAs 


MRF571, MRF572, MRFC572 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[ haracteristic | Symbot | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
i; tig¢ = 10 mAdc, ig = 0) Se | 
| Collector-Base Breakdown Voltage ViBRICBO | —.20 — 


a Vde | 
lic = 0.i mAdc, ig = 0) 
Emitter-Base Breakdown Voltage ViBR)EBO 2.5 Vdc 
| (ig = 50 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 10 pAdc 
(VcB = 8.0 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain . . 300 
(ic = 30 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS . . . 
Collector-Base Capacitance Cob — 0.7 1.0 pF 
(VcB = 6.0 Vdc, IE = 0, f = 1.0 MHz) 
ee pee 


Current Gain — Bandwidth Product - fr 
(VCE = 8.0 Vdc, Ic = 50 mA, f = 1.0 GHz) 
Gain @ Noise Figure . 
(I¢ = 5.0 mAdc, Vcge = 6.0 Vdc) 16.5 
: . 12 


FUNCTIONAL TESTS 
Noise Figure 


(I¢ = 5.0 mAdc, VcgE = 6.0 Vdc) 


= 0. — .O 

= 1. — 25 

MRF571 = 2. _ B 

MRF572-~—s«f = 2.0 GHz — 2.5 

FIGURE 1 — C1, COLLECTOR-RBASE CAPACITANCE FIGURE 2 — Cip, INPUT CAPACITANCE 
versus VOLTAGE versus EMITTER BASE VOLTAGE 
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MOTOROLA RF DEVICE DATA 
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MRF571, MRF572, MRFC572 


FIGURE 4 — MRF572 — GAIN AT NOISE FIGURE 


FIGURE 3 — MRF571 — GAIN AT NOISE FIGURE AND 


AND NOISE FIGURE versus FREQUENCY 
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FIGURE 6 — fy, CURRENT GAIN-BANDWIDTH PRODUCT 


FIGURE 5 — MRF571 and MRF572 — GAIN AT NOISE 
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FIGURE 7. — Gamax: MAXIMUM AVAILABLE GAIN 
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Pout: OUTPUT POWER (dBm| 


~ 

teal 
ye a 
: 
Fa ae i 
Massie Sees 
0.4 0.6 1.0 2.0 3.0 . 


f, FREQUENCY (GHz) 


FIGURE 9 — MRF571 — Gymax and |S24/2 
' versus FREQUENCY 


Ic = 50mA 


SN 
i Meee ee a 
+} }- 


ees 
50 PEE ORS 
0.15 0.2 03 0.6 10 15 20 © 3.0 
f, FREQUENCY (GHz) 


i ) wax 
ee eae ae 
QA 


— Gymax AND |S94|2 GAIN (dB) 


FIGURE 8 — 1.0 dB COMPRESSION PT. 
_ AND THIRD ORDER INTERCEPT | 


Voc = 8.0 Vde 
Ic = 50 mA 


Parcs 
anc 


+6.0 +10 +15 +20 +25 +30 +35 +40 
Pir, INPUT POWER (dBm) . 


FIGURE 10 — MRF572 — Gymax and |S24|2 
versus FREQUENCY 


“89 2 
(1 — (S442) \ — |Soq/2) 
2 .03 ° 0.6 1.0 
~ f, FREQUENCY (GHz): 


GUmax = 


1.5 
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MRF571, MRF572, MRFC572 


MRF571 
INPUT/OUTPUT REFLECTION COEFFICIENTS 
versus FREQUENCY (GHz) 
VcE = 6.0 V, Ic = 5.0mA 


(Volts) | (mA) 


— MRF571 
__ FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY (GHz) 
VcE = 6.0 V, ic = 5.0 mA 


B20 | 
ARSE 
SIS 


MOTOROLA RF.DEVICE DATA 
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MRF571, MRF572, MRFC572 


MRF572 MRF572 
INPUT/OUTPUT REFLECTION FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) versus FREQUENCY (GHz) 
VcE = 6.0 V, ic = 5.0mA VcE = 6.0 V, Ic = 5.0 mA 


wo = 40° “, 
+ 106° fy + 75° 


p [sn | 
he a ae eee | 


200 
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MRF571, MRF572, MRFC572 


_ MRF571 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


+j250 VCE = 6.0 V, Ic = 5.0 mA 
f = 500 MHz 
— REGION OF INSTABILITY 


Tos | oo [| 93 | 13 


-j500 


sat TMS NF OPT| K | 
so oe cre [oss 


Rn (Q)| NF50 0 (dB) {TMS NF OPT 
2.2 0.48 2 134° 


- [Kena] NF OPTiaB) 


ao FR 
‘, 0.89 7—179° | 0.81 266° 
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MRF9S71, MRF572, MRFC572 


MRF572 CONSTANT GAIN and NOISE FIGURE CONTOURS 


VcE = 6.0V,! = 5.0mA 
f = 500 MHz ee 
— REGION OF INSTABILITY 


TMS NF OPT 


VE = 6.0V, Ic = 5.0 mA 
f = 1.0 GHz 2 


[eter [nr opt [ana 
rs are 


= BO) 20" | 


[EMS NF opt] «| 
[0.56 2 116 [os] 
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MRF571 1.0 GHz TEST CIRCUIT 


RRC > RB Z5 8) OB) RB 
VBB HELD Vec 
er, 
| 
C3 > cS | 7N C6 =RC7 ~ C8 > cg 
i alt pe eee ladl 
= = = = = S 
—*1 1.96 eae * € 
cm > 
* a a Phe th 8 a Oe AZOe e, o, EP PB He 
fea eet os 
fmput eS oe ee ee Betas Oe 
C1. a C2. 
es DUT - | : 
C1, C2, C6 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C7 0.018 uF Chip Capacitor = 21-29 Microstrip, See Photomaster . 
C3, C8 0.1 uF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C9 1.0 uF Electrolytic Capacitor Board Material ~ 0.0625” Teflon Fiberglass e, = 2.5 + 0.05 
R1 1 2.7kO oe ; ’ fe le = % 


MRF571 TEST CIRCUIT = . 
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MRF572, 1.0 GHz TEST CIRCUIT 


Z1 22 Z3 
RF i™ 
inpuhes Ro eG] esate 
C1 
DUT 
Ci, C2, C6, C7 560 pF Chip Capacitor RFC1, RFC2 
C5, C8 ie, 0.018 uF Chip Capacitor 21-27 
C3, C9 0.1 wF Mylar Capacitor Bead. 
C4, C10 1.0 wF Electrolytic Capacitor Board Material 
R1 2.7 kD 


MRF572 TEST CIRCUIT 


76 ; ' 
a ae 
Ow, Output 


C2 


VK-206, Ferroxcube 

Microstrip, See Photomaster 

Ferrite Bead, Ferroxcube 56-590-65/3B 
0.031” Teflon Fiberglass e, = 2.5 + 0.05 
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MRF571, MRF572, MRFC572 


PHOTOMASTER OF MRF571 CIRCUIT LAYOUT 


a NOTE: The Printed Circuit Board shown is 75% of the original. 


PHOTOMASTER OF MRF572 CIRCUIT LAYOUT 


-MRE572- 573 


MRFC572 CHIP TOPOGRAPHY 


Nominal Chip Size: 0.015” x 0.016” x 0.005” 
Front Metallization: Gold 

Back Metallization: Gold 

Emitter/Base Bond Pad: 2.2 x 2.2 mil 
#Emitter Fingers: 22 

#Base Fingers: 23 

Emitter Diffusion: lon-Implanted Arsenic 


MOTOROLA RF DEVICE DATA 


Q.AA7 


MRF571, MRF572, MRFC572 


OUTLINE DIMENSIONS 


4-LEAD PLASTIC MACRO-X 


; ae a PLANE 


0.100” CERAMIC STRIPLINE 


MILLIMETERS| INCHES | 
[MIN | MAX | MIN | MAX_| 
| A | 2.29 | 2.67 | 0.090.| 0.105 


Pe {089 {60 | 0.035 | 0.055 _| 
0.016 tose 


; 0.035 | 0.043 
MER ELel 0.003 | 0.006 
IK [4.45 | 5.84 | 0.175] 0.230 | 
NOTE: ; 
1. DIMENSION K APPLIES TO ALL 
LEADS. 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


CASE 317-01 


STYLE 1: 
PINT. COLLECTOR 


EMITTER 


Pwr 


BASE 
EMITTER 


CASE 303-1 


MOTOROLA RE DEVICE DATA 
3-638 


MOTOROLA 


a SEMICONDUCTOR & 


TECHNICAL DATA 


The RF Line. 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


_.. designed for high current low power amplifiers up to 1.0 GHz. 


Low Noise 


High Gain | 
State-of-the-Art Technology 
Fine Line Geometry 

Arsenic Emitters 
Gold Top Metallization 


© 
® Low Intermodulation Distortion 
- . 
e 


Nicrome Thin-Film Ballasting Resistors 


Excellent Dynamic Range 
Fully Characterized 


MAXIMUM RATINGS 


_ | Collector-Emitter Voltage 


Collector-Base Voltage si ; 
Emitter-Base Voltage VEBO 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 50°C(1) 
Derate above Tc = 50°C 


Operating and Storage Junction 
Temperature Range 


MRFC581,A MRF580,A 


a 


Case 317A-01 


IC 200 


2.5 
Ty = 200°C max 


-—65 to +200 


NOTE 1. Case temperature measured on collector lead immediately adjacent to body of package. 


MOTOROLA RF DEVICE DATA 


rn AA 


MRF580,A 
MRF581,A 
MRFC581,A 


fy = 5.0 GHz @ 75 mA 
NF = 2.0 dB @ 500 MHz 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


MRF581,A 


C 


Case 317-01 


MRFS80A, MRF581A, MRFC581A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | 
CC SCharacterstic «Symbol Min” ‘| typ | Mex | Unk | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage MRF580/581 
(Ic = 1.0 mAdc, IR = 0) MRF580A/581A 


| Collector-Base Breakdown Voltage . MRF580/581 
| (l¢ = 1.0 mAdc, Ie = 0) MRF580A/581A 


Emitter-Base Breakdown Voltage 
(IE = 0.10 mAdc, Ic = 0) 


Emitter Cutoff Current 
(VERB = 2.0 Vdc, Ver = 0) 


Collector Cutoff Current 
(VeR = 15 Vdc. I = 0) 


~ ON CHARACTERISTICS 


DC Current Gain(1) MRF580/581 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) MRF580A/581A 


DYNAMIC CHARACTERISTICS 


Collector Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


V(BR)CEO 


V(BR)CBO Vdc 
30 ae a 


Current-Gain Bandwidth Product(2) 
(Ic = 75 mAdc, Vcge = 10 Vdc, f = 1.0 GHz) — 


FUNCTIONAL TESTS 


Noise Figure, Figure 19 MRF580/581 
(ic = 50 mAdc, Vcg = 10 Vde, f = 0.5 GHz) MRF580A/581A 


Power Gain at Optimum Noise Figure, Figure 19 MRF580,A 
(IC = 50 mAdc, VceE = 10 Vde, f = 0.5 GHz) 


Power Gain at Optimum Noise Figure, Fiqure 19 
(l¢ = 50 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 


Maximum Unilateral Gain MRF580,A(2) 
(I¢ = 75 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


Maximum Unilateral Gain MRF581,A(2) 
(Ic = 75 mAdc, Vcge = 10 Vdc, f = 0.5 GHz) 


Intermodulation Distortion, Figure 18 


MRF581,A 


Git way 


ws 


Max ad 
IMD(d3) hoe ~65 


MRF581,A(3) 


(VcE = 10 V, Ic = 75 MA, Vout = +50 dBmv 
NOTES: . 
1. 300 us pulse on Tektronix 576 or equivalent. 9 
2. Characterized on HP8542 Automatic Network Analyzer. GUmax = [S24] 
3. 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. (1 ~ |S44/4) (1 - |Szal?) 
FIGURE 1 — Cj, INPUT CAPACITANCE versus VOLTAGE FIGURE 2 — Cech, Cop COLLECTOR-BASE CAPACITANCE 


versus VOLTAGE 


C, CAPACITANCE, (pF} 
C, CAPACITANCE, (pF) 


0 1.0 2.0 3.0 
Veg, EMITTER-BASE VOLTAGE (VOLTS} 
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MRF580A, MRF581A, MRFC581A 


FIGURE 3 — GAIN-BANDWIDTH PRODUCT FIGURE 4 — 2ND AND 3RD ORDER INTERCEPT POINTS 
versus COLLECTOR CURRENT eo aade 


fr, GAIN-BANDWIDTH PRODUCT (GHz) 
Pout, OUTPUT POWER (dBm) 


0 100: “120: 140 + 10 +20 + 30 +40 +650 + 60 +10 
Ce euiaes ain (mA) Pin, INPUT POWER (dBm) 


MRF580,A TYPICAL PERFORMANCE 


FIGURE 5 — Gy max-MAXIMUM UNILATERAL GAIN, FIGURE 6 — Ga max, MAXIMUM AVAILABLE GAIN 
. ISo4|2 versus FREQUENCY 7 versus FREQUENCY 


_ Soil | 
(1 —.[S4 127 —|829)2) 


GAIN (dB) 


SCC 
NGS 


0.1 03: 0.5. DF 10 2.0: ~ 3.0. ° 500 EG 18 
f, FREQUENCY (GHz) . : f, FREQUENCY (GHz) 
FIGURE 7 — NOISE FIGURE AND GAIN ASSOCIATED FIGURE 8 — NOISE FIGURE AND GAIN ASSOCIATED 


WITH NOISE FIGURE versus FREQUENCY WITH NOISE FIGURE versus COLLECTOR CURRENT 


> 


NF, NOISE FIGURE (dB) 
. Gyr, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


Gyp, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


f, FREQUENCY (GAz) : — 8 °. Ic, COLLECTOR CURRENT (mA) 
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NF, NOISE FIGURE (dB) 


MRF580A, MRF581A, MRFC581A 


FIGURE 9 — MRF580,A COMMON EMITTER S-PARAMETERS 
-INPUT/OUTPUT REFLECTION ~- FORWARD/REVERSE TRANSMISSION 


COEFFICIENT versus FREQUENCY VCE = 10V Ic =50mA_ — coefFiciENTS versus FREQUENCY 
— -+j50 a | - sais 
aa a ae a 
BOS Pe U3 


VCE Ic | $21 ae $12 [ $22 
(Volts) | (mA) | isa Ao IS12i 4 IS22|_ Ee 
91 0.083 |, 60 0.24 ~ 108 
78 0.127 64 0:18 417 
58 0.24 66 0.13 —~ 154 
44 035 | 60 |} 0.19 2472 
0.48 -175 6.35 90 0.08 © 64 v 24 = Shs. 2496 
: 0.51 168 3.85 79 0.13 67 0.18 ~ 139 
af 1000 0.51 . 148. - 2.10 59 0.25 66 0.16 -178 
1500 0.54 123 1.56 | 46 os 0.36 5R i 0.200, 168 | 
300 0.48 -177 6.42 90 0.08 65 0.24 182 
500 | 0.51 167 3.88 79 0.13 67 0.19 S s3445 
a 1000 0.50 147 2.12 59 0.26 65 0.17 - 175 
1500 - 0.53 123 1.57 46 0:36 58 0.21 164 
300 0.48 -177 | 6.41 89 0.08 - 66 0.24 — 134 
500 0.51. 167 3.87 78 - 0.13 68 0.19 ~ 148 
100 1000 051 146 2.114 59 0.26 65 0.17 | 172 
1500 0.53 123 1.58 46 0.36 58 0.21: 162 
‘ } } } zt 
10 300 0.44 ~164 | 6.67 92 0.07 61 0.25 ~76 
ae 500 0.47 175 4.08 79 0.11 66 AGF a -75 
2° 1000 0.48 152 2.2 60 O21: 68 0.12 -91 
ae 1500 0.52 126 1.56 45 0.32 | 64 [2 0.15 ~129 ei 
300 0.47 — 167 7.40 91 0.07 65 0.17 ~ 89 
; 500 0.47 174 4.53 79 0.11 68 0.12 S112 
Bp 2.38 62 0.20 67 0.13 ~ 126 
1.71 47 0.31 _ 63 il 0.11 — 147 
7.24 91 0.07. 66 -0.20 le --96 . 
4.39 79 =|) .12 69 0.13 -99 
2.36 61 0:23. 67 0.07 = 130 
1.72 47 0.33 61 0:12 — 157 
7.22 90. 0.07 | 67 0.19 -97 ~| 
4.38 78 0.12 69 .. 0.14 —98 
2.35 60 0.23 67 0.07" ~129 
L740. 46 0.33 | 62 on — 158 
7.28 - 93 0.06 60 aa 0.24 —55 
4.44 80 0.09 66 0.17 ~ 62 
2.33 62 018° |. 68. 0.19 —82 
1.67, 46 0:27 J 68 | 27 ~97 
7.49 ~ 0.92 0.07 65 023. | a4 
457 80 0.11 69 0.18 ~ 67 
2.44 61 0.21 68 20-19 —74 
1.76 | 47 0.31. | 64 m 0.12 ~115 
7.57 
4.57 
2.45 
176), | 
7.46 
4.53 
2.41 
1.74 
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MRF580A, MRF581A, MRFC581A 


~ MRF581,A TYPICAL PERFORMANCE 


FIGURE 10 — Gy max — MAXIMUM UNILATERAL GAIN, | 


|S24|/2 versus FREQUENCY 


= _ Sail 
(1 — |$44]2i1 — |S29l2) 


MESES f 
PNG Te ETT 
ee ee NES 


GAIN (dB) 


5.02010 2.0 3.0 
_ f, FREQUENCY (GHz) 


0.1 0.2 0.3 5.0 7.0 


FIGURE 12 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus FREQUENCY 


10 


Gye, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


0.2 


0.3 
f, FREQUENCY (GHz) 


FIGURE 14 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus COLLECTOR CURRENT 


ny MRES81,A | 


NF 


f = 200 MHz 


MRF581 


Gyr, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mA) 


ee 
Vce = 10V 
mare 


oO 


NF, NOISE FIGURE (dB) 
Gre, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


1 
Ww 
Co 


NF, NOISE FIGURE (dB) 
Gy, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


GAIN (dB) 


FIGURE 11 — Ga max: MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 


ee a ee ee 
eh Waele gees Sail 


LK + 


el 


GA max = a 


FIGURE 13 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus COLLECTOR CURRENT 
| f = 500 MHz 


FIGURE 15 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus COLLECTOR CURRENT 
f = 50 MHz 


; Lr | T 
. GNF. MRF581,A 


75 
Ic, COLLECTOR CURRENT (mA) 
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R-BAR 


NF, NOISE FIGURE (dB) 


NOISE FIGURE (dB) 


MRF580A, MRF581A, MRFC581A 


FIGURE 16 — MRF581,A COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION -FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY VCE = 10V.Ic = 50mMA — coerriciENTS versus FREQUENCY 
+j50 


+90° 


VcE Ic f $41 $71 $12 $22 
“T 
pe |e ela) Lo Saal z S12 <b | S22 x 
5.0 C 39 0.34 ~129 
1 47 0.29 ~ 142 
2° 60 0.27 — 165 
61 0.33 2472 
45 | 0.38 ~144 
53 0.34 ~ 157 
62 0.33 178 
61 | 0.37 173 
48 0.40 - 148 
55 0.36 ~161 
63 0.35 176 
61 0.39 170 
48 0.40 -151 
56 0.37 ~ 163 
63 0.362 175 
61 0.39 168 
40 0.29 ~ 106 
48 0.23 -116 
61 0.19 141 
64 0.26 - 153 
46 | 0.30 Le 
54 0.24 = 498 
63 0.22 ~164 
63 | 027 | 11 
48 0.30 2900 
55 0.25 ~ 145 
64 0.23 ~170 
63 | 0.27 -~176 
49 0.30 ~ 134 
56 0.25 ~147 
64 0.23 A492 
63 0.27 “ATT 
40 0.28 -92 
48 0.21 ~98 
62 0.17 ~119 
65 0.24 £437 
46 | 0.26 449 
54 0.20 299 
64 0.16 - 148 
64 0.22 ~ 157 
47 ie 0.25 ~117 
55 0.20 — ~ 128 
65 0.16 ~154 
64 4 0.22 ~ 162 
48 0.25 =117 
56 0.19 ~ 129 
65 0.16 ~ 154 
64 0.21 ~ 160 
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MRF580A, MRF581A, MRFC581A 


FIGURE 17 — MRF581 CONSTANT GAIN CONTOURS NOISE FIGURE CONTOURS 


rms [GaMAX| Rn | NF 
rML | NFOPT.| (dB) | (Q) | OPT 


fears 


Circuit Per Figure 19 
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MRF580A, MRF581A, MRFC581A 


FIGURE 18 — FUNCTIONAL CIRCUIT SCHEMATIC 


- Bias 
Tee 


RF Input > Slug Tuner 


Bias = Slug Tuner 
Tee 


MRF580,A/581,A TEST CIRCUIT 
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MRF580A, MRF581A, MRFC581A 


FIGURE 19 — MRF580,A/581,A TEST FIXTURE SCHEMATIC 


500 MHz 
R1 RFC1 

—¢? : VBB_ VCC : , 

zo Y3 4 +] : 

CS C7 C8 f 

fe aby = C6 

TL3 TL4 

nen 
den aae naps ee “ise 
ties | DUT. TL2 e 
a : RF 

np Output 


Y 


C1 


“RI —2.7 KO, 1% W 


C1, C2 470 pF Chip (Ceramic) 

C3, C4 0.018 uF Chip Capacitor ~ RECt— 0.15 pH Molded Choke a 

C5, C6 0.1 uF Mylar TL, TL2 — Zo = 26, 0.0625 TFG as shown in 

C7, C8 1.0 uF, 25 Vdc Electrolytic <a ~.  Photomaster 

C9 91 pF Mini-Unelco (C9 Taped 3. 68 cm from TE: TL4 — \/4 Microstrip, Zg = 100 0 
Collector Connection on TL4 as shown) | Y¥1, Y2— N- -Type Connection (Female) 

C10 35-45 pF Johanson Ceramic Capacitor, JMC Y3, Y4 — BNC-Type Connector (Female) 


5801 or Equivalent {C10 Taped 3.12 cm from 
Base Connection on TL1) 


Board Material — 0.0625” Thick Glass Teflon e, = 2.5 


FIGURE 20 — PC BOARD PHOTOMASTER 


PARP SOL 


‘NOTE: The Printed Circuit Board shown is 75% of the original. 
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MRFC581,A CHIP TOPOGRAPHY 


Nominal Chip Size: 0.017” X 0.027” X 0.005” 
Front Metallization: Gold 

Back Metallization: Gold 

Emitter/Base Bond Pad: 0.003” X 0. 004” 
#Emitter Fingers: 56 

#Base Fingers: 57 

Emitter Diffusion: lon-lmplanted Arsenic 
Fabrication: Fully lon Implanted 

Ballasting: NiCr Resistor 

Passivation: Silicon Nitride 


3-LEAD PLASTIC MACRO-T 4-LEAD PLASTIC MACRO-X 


| | ae 22 ! a STYLE2: 

STYLE 2:: : ao PIN 1. COLLECTOR 
PIN 1, COLLECTOR = * oe : 2. EMITTER 
2. EMITTER 3. BASE 

4. EMITTER 


al MILLIMETERS| INCHES | 
DIM RL | MAX {_MINC|_MAX | 
RA 444 | 5.21 | 0. 0.175 | 0.205 


CASE 317A-01 eee _ CASE 317-01 
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TECHNICAL DATA MRF586 


MRF587 


— Designer’s DataSheet 
The RF Line — 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


... designed for use in high-gain, low-noise, ultra-linear, tuned and 

wideband amplifiers. Ideal for use in CATV, MATV, and instrumen- NF = 3.0dB @ 0.5 GHz 

tation applications. . 

@ Low Noise Figure — : | . : HIGH FREQUENCY 
NF = 3.0.cB (Typ) @ f = 500 Mhz, Ic = 90 mA | TRANSISTORS 

@ High Power Gain — NPN SILICON 
GU(max) = 16.5 GB (Typ) @ f = 500 MHz 

® jon Implanted 

@ All Gold Metal System 


® High fr-4.5 GHz MRF586 
5.5 GHz MRF587 
@ Low Intermodulation Distortion: 
TB3 = -70 dB 
DIN = 125 dB uV 


MRF586 MRF587 


MAXIMUM RATINGS Case 79-02 Case 244A-01 


Ratings Values 


Collector-Emitter Voltage 17 17 


Collector-Base Voltage 34 


Emitter-Base Voltage 2.5 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 50°C 2.5 
Derate above Tc = 50°C 17 


Storage Temperature Range -65 to +200 -65 to +150 


Junction Temperature 200 200 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic a Symbol ite, Min a Typ sik Max Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VIBR)CEO 17 = 
ttn - RO mMmAde Ilene ON 
Vu hn Vi : 7 - 
Collector-Base Breakdown Voltage ViBR)CBO 34 a 
(ic = 1.0 mAdc, IE =0) 


Emitter-Base Breakdown Voltage V(BR)EBO 2.5 
(Ic = O, Ip = 0.1 mAdc) 


Collector Cutoff Current ICBO ed 
\VCB = 10 Vdc, ig = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ic = 50 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) MRF586 : fT - — 


hFE 50 


5.5 
1.7 


(I¢ = 90 mAdc, Vcg = 15 Vdc, f = 0.5 GHz) MRF587 
Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Narrow Band — Figure 23 
(Ic = 90 MA, Voc = 15 V, f = 0.5 GHz) 
Noise Figure . 
Power Gain at Optimum Noise Figure MRF586 
MRF587 


Cob 
NE — 5.5 
—_ 6.3 
GNE = 10.0 
— 11.0 
TB3 
— -65 
— -70 
DIN 
— 120 
~— 125 
GUmax 
— 14.5 
— 16.5 
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NF 
GNF 


Broad Band — Figures 24 and 25 
(Ic = 90 MA, Vcc = 15 V, f = 0.3 GHz) 


Noise Figure MRF586 
MRF587 
rower Gain at Optimum Noise Figure MRF586 
MRF587 
Triple Beat Distortion 
(Ic = 50 mA, Vcc = 15 V, Pref = 50 dBmv) MRF586 
(Ic = 90 MA, Vec = 15 V, Pres = 50 dBmv) MRF587 
DIN 45004. 
(Ic = 90 MA, Vcc = 15 V) MRF586 
(IC = 90 MA, Vcc = 15 V) MRF587 
Maximum Available Power Gain (3) 
(Ic = 90 MA, VcE = 15 Vdc, f = 0.5 GHz) _MRF586 
; ; MRF587 
NOTES: 


1. 300 us pulse on Tektronix 576 or equivalent. 
2. Characterized on HP8542 Automatic Network Analyzer. 


ISo4!2 
3. SUmax = (1-184 412) (1 -1S991 2) 


MRF586, MRF587 


FIGURE 1 — TYPICAL NOISE FIGURE 


AND ASSOCIATED 


FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 


versus FREQUENCY 
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FIGURE 4 — GAIN-BANDWIDTH PRODUCT versus 


FIGURE 3 — GUmax versus COLLECTOR CURRENT 
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~ MRF586 TYPICAL PERFORMANCE oat 


FIGURE 6 — JUNCTION aie eae versus VOLTAGE 


FIGURE 5 — BROADBAND NOISE FIGURE .. 
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MOTOROLA RF DEVICE DATA 
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MRF586 TYPICAL PERFORMANCE (continued) | 


FIGURE 7 — 1.0 dB COMPRESSION POINT versus 
, COLLECTOR CURRENT FIGURE 8 — THIRD ORDER INTERCEPT POINT 
_ MRF586 MRF586 : 


3rd Order 
intercept 


Circuit per 
Figure 24 


Vout. OUTPUT VOLTAGE (dBm\/} 
Pout, QUTPUT POWER (dBm) 
Pout. OUTPUT POWER (dBm) 


10 
0 10 20 30 40 50 60 70 80 
Ic. COLLECTOR CURRENT (mA) Pin, INPUT POWER (dBm) 
FIGURE 9 — SECOND ORDER DISTORTION versus FIGURE 10 — TRIPLE BEAT DISTORTION versus 
COLLECTOR CURRENT . COLLECTOR CURRENT 


MRF586 | | : MRF586 


Vcc = 15 V | 
Pret = 50 dBmV @ 200 MHz 


IMD, DISTORTION (4B) 
~ 1B3, DISTORTION (dB) 


Circuit per 
Figure 24 


20 30 40 50 60 70 80 90 100 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mAj 


FIGURE 11 — 35-CHANNEL X-MODULATION DISTORTION, ===. i : 
versus COLLECTOR CURRENT FIGURE 12 — DIN45004B versus COLLECTOR CURRENT 


MRF586 MRF586 


15V 
50d 


Circuit per 
Figure 24 


XMD35, DISTORTION (dB) 
VRef, OUTPUT VOLTAGE (dBuV) 


Ic. COLLECTOR CURRENT (mA) - Ic, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA 
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FIGURE 13 — MRF586 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD /REVERSE TRANSMISSION 


COEFFICIENT versus FREQUENCY (GHz) _ COEFFICIENTS versus FREQUENCY (GHz) 
+150 VCE =15V Ic =90mA go° 


oe PE SINS 
me ANSE 
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VCE Ic | of 
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MOTOROLA RE DEVICE DATA 
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FIGURE 14 — BROADBAND NOISE FIGURE FIGURE 15 — JUNCTION CAPACITANCE versus VOLTAGE 
MRF587 MRF587 


NF, NOISE FIGURE (dB) 
CAPACITANCE (pF) 


ircuit per 
igure 25 


Ic. COLLECTOR CURRENT. (mA) | Vcp, COLLECTOR BASE VOLTAGE (V) 
FIGURE 16 — 1.0 dB COMPRESSION POINT versus. 
COLLECTOR CURRENT | FIGURE 17 — THIRD ORDER INTERCEPT POINT 


MRF587 . : . MRF587 . 


ircuit per 


igure 25 fy = 205 MHz 


fo = 211 MHz 


Vout OUTPUT VOLTAGE (dBmV) 
Pout. QUTPUT POWER (dBm) 
Pout. QUTPUT POWER (dBm) 


Ic, COLLECTOR CURRENT (mA) me. pe Pin, INPUT POWER (dBm) 
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MRF587 TYPICAL PERFORMANCE (continued) 


FIGURE 18 _ SECOND ORDER DISTORTION versus __ oo FIGURE 19 — TRIPLE BEAT DISTORTION versus 


COLLECTOR CURRENT . COLLECTOR CURRENT 
MRF587 . MRF587 
VcE = 15 V : | | 
PRef = 50 dBmV - a Vee = 15 V 
7 PRef = 50 dBmV @ 200 MHz ~ 
- _ | | 
= = gl SL | 
: “CTS 
aa — 
Z a 
s E | | 
i 
alt |_| 
~ Ie, COLLECTOR CURRENT (mA) _ a : _, Je, COLLECTOR CURRENT (mA) 
FIGURE 20 — 35-CHANNEL X-MODULATION DISTORTION 
versus COLLECTOR CURRENT © FIGURE 21 — DIN 45004B versus COLLECTOR CURRENT 


MRF587 . ._ MRF587. 


TH 


aa 


‘Circuit ‘per 
Figure 25 


Circuit per 
Figure 25 


Test per Figure 23 
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XMD35, DISTORTION (dB) 
VRef. OUTPUT VOLTAGE (dBy.V) 
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‘MOTOROLA RF DEVICE DATA 
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MRF586, MRF587 


FIGURE 22 — MRF587 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD /REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY (GHz) COEFFICIENTS versus FREQUENCY (GHz) 


oie VcE=15V Ic=90mA 0° 


(Voits) | (mA) | (MHz) | isq4i | Z@ 


5.0 100 0.56 -131 16.45 
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FIGURE 23 — MRF586/587 NARROW BAND TEST FIXTURE SCHEMATIC 


500 MHz : 
R1 RECT 
g 9 VBB_ VCC q 
+ Y3 Y4 : + 
tert" SET 
| TL3 | TL4 


Ci0 
C1, C2 — 470 pF Chip (Ceramic) R71 —2.7k0, 1¥%2W 
C3,C4  — 0.018 uF Chip Capacitor RFC1 — 0.15 «H Molded Choke 
C5,C6 — O01 uF Mylar TL1, TL2 — 2g = 26 20, 0.0625 TFG as shown in 
C7,C8 — 1.0 yuF, 25 Vdc Electrolytic : Photomaster 
C9 _— 91 pF Mini-Unelco (C9 Taped 3.68cm from - TL3, TL4 — A/4 Microstrip, Zy5 = 100 2 
Collector Connection on TL4 as shown) Y1, Y2 — N-Type Connection (Female) 
C10 — 35-45 pF Johanson Cerami Capacitor, JMC Y3, Y4 — BNC-Type Connector (Female) 
5801 or Equivalent (C10 Taped 3.12 cm from Board Material — 0.0625” Thick Glass Teflon e, = 2.5 


Base Connection on TL1) 


FIGURE 24 — MRF586 BROADBAND TEST CIRCUIT SCHEMATIC 


VBB | Vcc 


Vec=15V 


Pg = 10dB 
f = 10-375 MHz 
Zo = 752 
RF RF 
Input 1 Output 
C1,C4  — 0.01 uF Feedthru L1 — 1 Turn %" |.D. #20 AWG 
C2,C5 — 0.001 uF R1—139%W 
C3 — 05-10 pF T1(1) — 12 Turns Tapped at 4 Turns #30 AWG 
C6 ~— 12pFo T2(1) — 10 Turns Tapped at 2 Turns #30 AWG 


(1) Ferronics 12-340-k Core 


MOTOROLA RF DEVICE DATA 


2-RA7 


MRF586, MRF587 


FIGURE 25 — MRF587 BROADBAND TEST CIRCUIT SCHEMATIC 


O VBB O Vcc 


Ll 


Vec=15V 
Pg = 11 dB 
f = 5-375 MHz 
Be 2o= 750 
RF 
Output 
T2 


C3 ii R3 


DUT 
T1 
RF : ee 
Input L1 , 
R1 — 12.2 1.0 W (2-24 0 on each emitter port) 
R2—1.8k vW 
R3—22k%W 
L1— 1 Turn 0.012 dia #22 AWG 
~0.5-10 pF 


R1 cg T1(1)— 5 Turns Tapped at 2 Turns, #30 AWG 
0.001 uF 77 
i 


T2(1) — 8 Turns Tapped at 3 Turns, #30 AWG 
0.07 wr 
0.01 uF Feedthru 
12 pF 


|F 


(1) Ferroxcube 135 CTO50 
3D3 Material 


FIGURE 27 — TRIPLE BEAT DISTOF 


‘Distortion 


Distortion 


FIGURE 28 — CROSSMODULATION DISTORTION TEST FIGURE 29 — DIN 450048 INTERMODULATION TEST 


Distortion — Unmodulated 
PRef —-———— ao Carrier 


100% 
Modulation 


199 MHz _60dB 


211 MHz 217 MHz 
f4 f2 
193 MHz 


—"p~ 205 MHz 
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OUTLINE DIMENSIONS 


— S 
= S SEATING 


STYLE 1: 7 
. PIN 1. EMITTER _ 
STYLE 1: 2. BASE 
PIN 1. EMITTER - 3. EMITTER 
2. BASE . . 4. COLLECTOR 
3. COLLECTOR 


om MILLIMETERS 
{_A | 8.89 | 9.40 | 0.350] 0.370 | 
| B [| 8.00 | 8.51 [ 0.315 | 0.335 | 
| C | 6.10 [6.60 | 0.240] 0.260 | . 
| 0 | 0.406 [ 0.533 | 0.076] 0.021 | 
| E [ 0.229/.3.18 | 0.009] 0.125 | 
| F | 0.406 | 0.483 | 0.016 { 0.019 | 
| G | 4.83 [5.33 [0.190] 0.210 | 
| H | 0.711] 0.864 | 0.028 | 0.034 | 
{_J_ | 0.737] 1.02 | 0.029 | 0.040 _| 
| K [i270 | — | o0s00; - | 
Pt] 635 [ - foo, - | 


| M[ 45°NOM | 45°NOM | | | — | 0.050 | 
| PT - [127 | - [0.050 | | . 0.108 | 0.132 
| O |. 90°NOM | 90° NOM . | 0.055 | 0.070 
{RR _[ 254 [ - [ o0100[ - | } 


All JEDEC dimensions and notes apply. 


CASE 79-02 | OS CASE 2444.01 


MOTOROLA RF DEVICE DATA 
2-859 


MOTOROLA 
Ez SEMICONDUCTQ. yy 
TECHNICAL DATA 


MRF604 


1.0 W - 175 MHz 


RF POWER 
TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


in industrial equipment with restricted available space. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 10 dB 


.. . designed for 12.5 Volt VHF large-signal amplifier applications 
Efficiency = 50% 


”” SEATING 
“oo. PLANES: 


MAXIMUM RATINGS . 


PcolectorBese Votage ———=SSS*d| ca | 40 ~«|SVae— 
Total Device Dissipation @ Tc = 25°C PP 2.0 


STYLE 1: 
PIN 1. EMITTER. 
2. BASE 
3. COLLECTOR 
Derate above 25°C 11.0 


Storage Temperature Range —65 to +200 


INCHES 


ny |S 
B ix 


bond S19 
o Ma}Ko 
= i) 
No cole 
Soe\els 
ao! 
Bi] 
Ol >| aH 


Seyoyeje 
NM] ol olo}— 
(3) Rol ool 
| SI co] o> 


All JEDEC dimensions and notes apply 


CASE 26-03 
TO-46 


MOTOROLA RF DEVICE DATA 


3-660 


MRF604 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic Symbol 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage V(BR)CEO 


Collector-Base Breakdown Voltage _ led A 
(I¢ = 100 wAdc, te = 0) i 

Emitter-Base Breakdown Voltage ot oo Ba a a 
(Il_ = 100 nAdc, Ic = 0) Be, 

Collector Cutoff Current 
(VcE = 12 Vde, Ig = 0). . 


ON CHARACTERISTICS 
DC Current Gain 


(I¢ = 50 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1c = 50 mAdc, VcgE = 10 Vdc, f = 200 MHz) 


Output Capacitance 

(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Voc = 12.5 Vdc, Poyt = 1.0 W, f = 175 MHz) 
Collector Efficiency 

(Voc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 
Series Equivalent Input |!mpedance 

(Vec = 12.5 Vde, Poyt = 1.0 W, f= 175 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Poyt = 1.0 W, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


C1,C2,C3,C4 3.0-30pF 
C5 1000 pF 

C6 0.01 UF 

1 2 Turns, #16 AWG, 3/16" 1.D., 1/4'’ Long 
L2 0.15 WH, MOLDED CHOKE 

L3 4 Turns, #16 AWG, 3/8" 1.D., 3/8"" Long 
R141 100 92, 1/4 W, 10% 


MOTOROLA RF DEVICE DATA 


3-661 


MRF604 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — CURRENT-GAIN BANDWIDTH PRODUCT 


Veco = 12.5 Vde 
f= 175 MHz 


Pout, OUTPUT PC WER (WATTS) 
ft, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) 


Pin, INPUT POWER (mW) | Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 


a 
a 
Clee 
INTE 
a 
COLES Se 


Cob, QUTPUT CAPACITANCE (pF) 


0 20 40 ° 60 8.0 10 12 14 16 ~=—s-*18 20 
Vcp, COLLECTOR BASE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


3-662 


MOTOROLA 
MRF607 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


1.75 W — 175 MHz 


RF POWER 
TRANSISTOR. 
NPN SILICON 


... designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military, mobile, marine and citizens band equipment. 
Suitable for use as Output driver or pre-driver stages in VHF and 


UHF equipment. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.75 Watts 
Minimum Gain = 11.5 dB 
Efficiency = 50% 


® Characterized through 225 MHz 


MAXIMUM RATINGS 


2. BASE 
3. COLLECTOR 


Total Device Dissipation @ Tc = 75°C (1) 
Derate above 75°C 


28 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 


CASE 79-02 
TO-39 


All JEDEC notes and dimensions apply. 


MOTOROLA RF DEVICE DATA 


3-663 


MRF607 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Symbol a co 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
toe 25 mAdc, 8 0) 


Collector-Emitter Breakdown Voltage ViBR)CES 
ties ~ 25 made, VBE = 0) 


i 
Emitter Base Breakdown Veltage ViBRJEBO 3.5 Vde 
| (Ie = 0.5 mAdc, Ic = 0) 
Collector Cutoff Current ICEO 0.3 mAdc 
(VcE = 10 Vdc, Ig = 0) | 


ON CHARACTERISTICS 


rrent Gain 


= 50 mAdc, Vcf = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 12 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1-75 W, Vec = 12.5 Vde, f = 175 MHz) 


| Collector Efficiency 
(Pout = 1.75 W, Vcc = 12.5 Vde, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


RF 
Output 


2.7-15 pF, ARCO 461 1 Turn #20 AWG, 3/8” {ID 


C2 9.0-180 pF, ARCO 463 L2 3 Turns #20 AWG, 3/8” ID 
C3,C4 5.0-80 pF, ARCO 462 L3 0.22 wH Molded Choke 

C5 1000 pF UNELCO L4 0.15 WH Molded Choke 

C6 5 MF, 25 Vde, TANTALUM with FERROXCUBE 


56-590-65-3B Bead on 
ground lead 


MOTOROLA RF DEVICE DATA 


3-664 


MRF607 


TYPICAL PERFORMANCE DATA 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


a 
B F 
te < 
<x S 
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oc 
wi = 
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Ke 
o > 
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(ow) ~ 
. a3 
2 ac 1.25 
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Pin, INPUT POWER (mW) 


_ FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
PARAMETERS 


JUN] IPE 
LEN TTL 
Ji te NEE 
EERERNEEEE 
LEPINE 
RERREENEe 


1 1 12 
Vcc, SUPPLY VOLTAGE (VOLTS) 


operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 


2-RAB 


MOTOROLA 


a SEMICONDUCTOR am 
TECHNICAL DATA 


NPN SILICON HIGH FREQUENCY TRANSISTORS 


... designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating in the 407 to 

~ 512 MHz range. Ideally suited for requirements that specify opti- 
mum performance in a limited space. | 


® Specified 12.5 Volt, 470 MHz Characteristics — © 
Output Power = 0.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 60% 


MAXIMUM RATINGS 


3-666 


MOTOROLA RF DEVICE DATA 


MRF627 


0.5 W - 470 MHz 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS| INCHES 
DIM) MIN MAX | MIN | MAX 
A [| 5.08 | 5.59 | 
Cc | 2.41 | 3.30 | 0.095 
(D [ 1.40 | 1.65 [0.055 | 0.065 | 
E | 1.02 | 1.27 | 0.040 [ 0.050 
F 
J 
K 
M 


0.200 | 0.220 


0.130 


0.64 | 0.89 | 0.025 | 0.035 


0.08 | 0.18 | 0.003 | 0.007 
11.05 | = 0.435 - 
45° NOM 45° NO 


Case 305A-01 


MRF627 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


V(BR)CBO 30 


Collector Cutoff Current 
(Veg = 12 Vdc, Ig = 0) 
Emitter Cutoff Current _ 
(Vee =3.5 Vdc, Ic = 0) 
ON CHARACTERISTICS 
| Current Gain 
(Ic = 50 mAdc, VcE = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 
(I¢ = 50 mAdc, VcE = 12.5 Vdc, f = 200 MHz) 
(I¢ = 100 mAdc, Vcg = 12.5 Vde, f = 200 MHz) 
(Ic = 150 mAdc, Vcg = 12.5 Vdc, f = 200 MHz) 
Output Capacitance 
(Veg = 12.5 Vde, le = 0, f = 1.0 MHz) 


r Input Capacitance ) 
| (VBE = 1.0 Vdc, Ic = 0, f = 1.0 MHz) | 


FUNCTIONAL TESTS 


| Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vdc, Poy = 0.5 W, f = 470 MHz) 


Series Equivalent |nput Impedance 
(Vec-= 12.5 Vde, Poyt = 0.5 W, f = 470 MHz) 


Series Equivalent Output Impedance | 
(Voc = 12.5 Vde, Pout = 0.5 W, f = 470 MHz) 


Collector Efficiency ) 
(Voc = 12.5 Vde, Pout = 0.5 W, f = 470 MHz) 


FIGURE 2 — OUTPUT CAPACITANCE versus 


FIGURE 1 — OUTPUT POWER versus INPUT POWER - COLLECTOR BASE VOLTAGE 
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FIGURE 3 — 470 MHz TEST CIRCUIT SCHEMATIC 


Bead 14 TL2 C5 -——-— C6 
ed 


= B17 = a ~~ r—_F = Vcc | 
| oT | . i + + 


50 Q 


50 0 


B1— Ferroxcube Bead — 56-590-65-3B. TL1 — Micro Strip 0.26” x 2.9” Board — 0.062” Glass Teflon 


C1, C2, C8, C10 — Johanson Trimmer, JMC #5501 TL2 — Micro Strip 0.055” x 3.9” 2 oz. Cu. CLAD 
C3 — 100 pF Unelco 350 Vdc J101 TL3 — Micro Strip 0.26” x 2.9" €y = 2.55 

C4 — 15 pF Unelco TL4 — Micro Strip 0.50” x 1.2” 

C5, C6 — 680 pF Allen Bradley, Feed-Thru TL5 — Micro Strip 0.055” x 2.9” 

C7 — 0.1 «F Monolithic Li — #18 AWG Wire 0.750” Long 

C9 — 1 wF Tantalum Sprague + 10% 35 Vdc L2 — 2 Turns #18 AWG ID = 0.2” 

C11 — 30 uF Electrolytic 25 Vdc L3 — VK260 20/4B 


FIGURE 4 — 470 MHz TEST CIRCUIT LAYOUT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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FIGURE 5 — TYPICAL $171 and S99 versus FREQUENCY 
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TYPICAL S94 versus FREQUENCY 


FIGURE 7 — 


FIGURE 6 — TYPICAL S192 versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


3-669 


MOTOROLA 


= SEMICONDUCTOR ae iia 
TECHNICAL DATA 


MRF630 


eT 


The RE Line 


3.0W 470 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


.. designed for 12.5 Volt UHF large-signal, amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


® Specified 12.5 Volt, 470 MHz Characteristics | 
Output Power = 3.0 Watts 
Minimum Gain = 9.5 dB 
Efficiency = 55% 
@® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


| 
NPN SILICON RF POWER TRANSISTOR 


@ Grounded Emitter TO-39 Package for High Gain and Excellent 


Lin Min ainantinn 
c 1Sat Dissipation 


@ Replaces Medium-Power Stud Mounted Devices 


@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


SEATING 
PLANE 


MAXIMUM RATINGS = | 
a 
ae 


Collector-Base Voltage VCES | 386 
Emitter-Base Voltage ves0 | 40 
1.0 


STYLE 5: ; 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


NOTES: 
1, ALL RULES AND NOTES ASSOCIATED WITH TO- 39 
OUTLINE SHALL APPLY. 


HHLLLIMETERS s{—iwowes | 


Collector Current | —— Continuous | 10 | 


Total Device Dissipation @Tc= 25°C 


a . Watts | 
Derate Above 25°C -mw/°C 


Storage Temperature Range --65 to +200 


|= 
~< 


w 
oS 


colen|en 
colco|~ 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Reuc [20 | cw | 


S|9|> e|2| 
SISj pho o|— 

| — RO] CO 
Cj | O lO 


ad ewioeys 
[=] o|o ( 
BR wnt | ek 
[-) ~il~ 

> 


2.54 TYP 
90° NOM 


CASE 79-03 


MOTOROLA RF DEVICE - DATA 


3-670 


MRF630 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
~~ Characteristic 


OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage — 
(Ic = 50 mAdc, Ig = O) . 


Ps P= P= 
eee 
Bcd a 
pe 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Vpg = O) . 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, Ic = O) 


Collector Cutoff Current 
(VcE = 12.5 Vde, Veg = 0, Tc = 25°C) 


~ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


A 


Output Capacitance . 
(VcB = 12.5 Vde, Ip = 0, f = 1 0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain .(Fig...1) 
(Voc = 12.5 Vde, Pout = 3.0 W, f = 470 MHz) 


Collector Efficiency (Fig. 1) 
(Voc = 12.5 Vde, Pout = 3 3.0 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


Output 


RF Input 


C1, C7 — 1.5 - 20 pF Johanson Sos L1, L2 — Copper Strap, 1” Length x 0.225 Width x 0.005” Thickness 
C2, C6 — 1 - 10 pF Johanson L3 — 0.33 wH Molded Choke 

C3, C4 — 27 pF Mini-Unelco L4 — 0.12 4«H Molded Choke 

C8 — 250 pF Unelco L5 — 1.2 wH Molded Choke 

C9 — 0.047 uF Erie Disc Cap 10 V R1— 100, 1/4W 

C10 — 1.0 pF Electrolytic 


MOTOROLA RF DEVICE DATA 
3-671 


MRF630 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


5.0 5.0 [ [_ 
FIGURE 1 | | | f = 470 MHz = | , —t— 
ro 4 | a Pin 400 mW 
agi pant pee _ 40 a 1 
“Oe E =r 
= | 2 [| 
© oi he . « 
a | L_—~ > 
= nwa | | 0 EG 
oO. . - 
= | 7 = Vcc = 12.5 Vde 3 Vec = 12.5 Vde 
a H / i ‘ . S| a H i | | | i 
1.0 ! | | 1 1.0;- | Tt “Ty mi T | | 
Litt] | tt it i Lt [|] tt 
0 0.1 0.2 0.3 0.4 0.5 400 425 450 475 | - 500 525 
Pin, INPUT POWER (W) _ f, FREQUENCY (MHz) 
FIGURE 4 — POWER OUT versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
5.0 
FIGURE 1 
_ 40 
= Fe 
5 te ae . 
> 39 Vec = 12.5 Vde 
D> 
o + 
oc 
> 
a 20 —t 
s Pi, = 300 mW 
ay f = 470 MHz 3.0 +] 2.0 


3.95 + j 4.4 


| 3.95 + j ay Po feelas 
6.0 70 80 9.0 10 1 12° 13 14 15 16 *ZOL = Conjugate of the optimum load impedance into which the device output operates 


Vcc, SUPPLY VOLTAGE (VOLTS) at a given output power, voltage, and frequency. 


FIGURE 6 — OUTPUT POWER versus FREQUENCY, 
BROADBAND CIRCUIT 


_ Voc = 12.5 Vde 


5.0 


FIGURE 7 


nm 40 
-— 
BS eee 
| | | tT 
Poo . 
£44} ms 
Set ak: 
oe = 
a ee 
400 425 450 475 500 525 


- f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
3-672 


MRF630 


FIGURE 7 — MRF630 BROADBAND CIRCUIT 
420-520 MHz 


+12.5 Vdc 


- C1, C5 — 43 pF Mini-Unelco RFC1 — 0.47 yH Molded Choke 
C2 — 10 pF Mini-Unelco RFC2 — 1.0 wH Molded Choke 
C3 — 18 pF Mini-Unelco RFC3 — 0.3 wH Molded Choke 
C4 — 27 pF Mini-Unelco R1—120/1/4W . 
C6 — 6.8 pF Mini-Unelco TL1 — Transmission Line 0.166” x 1.85” (WXL) 
C7 — 220 pF Ceramic Chip TL2 — Transmission Line 0.166” x.1.77” (WXL) 
C8—O.1mF Board Material — 2 oz. 0.0625" TFG 
C9 — 1.0 mF Tantalum 


FIGURE 8 — BROADBAND CIRCUIT 


RFC1 C5 C6 


cg 
C8 
RFC3 
Beads 
C4 Bead 
C3 RFC2 
R1 


C2 C1 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


MRF641 


| The RF Line | 
— 15 W — 470 MHz 


CONTROLLED Q 


RF POWER 
NPN SILICON RE POWER TRANSISTOR TRANSISTOR | 


| - i NPN 
...designed for 12.5 Volt UHF large-signal amplifier applications . SILICON 
in industrial and commercial FM equipment operating to 512 MHz. . . 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power=15Watts > 
Minimum Gain = 7.8 dB 
Efficiency = 55% 
® Characterized with Series Equivalent Large-Signal Impedance 
Parameters oe 


® Built-In Matching Network for Broadband Operation 


® Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and Overdrive. 


MAXIMUM RATINGS 


; «ai agi  aRO ) PIN 1. EMITTER 
Total Device Dissipation @ Tc = 25°C 50 Watts | 2 COLLECTOR 
Derate above 25°C 0.25 WIC 3. EMITTER 
4, BASE 
Storage Temperature Range —65 to + 150 FLANGE-ISOLATED 


THERMAL CHARACTERISTICS | MILLIMETERS] INCHES | 


Thermal Resistance, Junction to Case Ra@Jc | 4000 | ecw 


- MOTOROLA RF DEVICE DATA 


3-674 


MRF641 


ELECTRICAL CHARACTERISTICS Mo= 25°C unless otherwise noted.) 


Simba [Tine De 


OFF CHARACTERISTICS — 


| Collector-Emitter Breakdown Voltage | ; ; od 
. (Ic = 20 mAdc, lg = 0) © 
a 
(c= 20 mAdc, Veg = 0) 
lle = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current Ices ee ee el cae 


(Voce = 15 Vde, Vege = 0, Tc = 25°C) 
ON.CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 Adc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance . 
(Vcpg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Veéc = 12.5 Vdc, Pout = 15 DW, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 19 W,f = 470 MHz) 


Output Mismatch Stress ~ No Degradation in Output Power 
(Vee = 16-Vde, Pig = 3.0 W, f = 470 MHz, VSWR = 20:1, - | 
All Phase Angles) 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 


C12 RF Output 


or oe a « 
> >— 
—Oo 
o> 
PARTS — . NOTES 
Z1 = 1.225" X 0.187" Microstrip . C1, C2 — 0.8-10 pF Johanson . **C5, C6, are mounted as close to the capacitor 
22 = 0.884” X 0.187" Microstrip ‘C3, C4 — 24 pF Chip Caps 100 mils ATC assembly as possible. 
Z3 = Capacitor. Block (Base) - C5, C6 — 22 pF Chip Caps 100 mils ATC —££C3, C4 are mounted in the capacitor assembly. 
Z4 = Collector Block , . - €12— 220pF Chip Cap 100 mils ATC | Board — 62.5.mil Glass Teflon, eg = 2.55. 
25 = 1.1" X 0.187” Microstrip C7, C11 — 1.0 uF-Tantalum 35 Vdc: - 
Z6 = 0.433" X 0.187” Microstrip c9, C10 — 680 pF Feedthrough Allen- Bradley 
27 = 0:4” X 0.187” Microstrip C13 — 200 pF UNELCO 


C8 — 0.1 uF, 50 V Erie Red Cap 
RFC1 — VK 200 — 1048 Ferrite Choke 
L1—4 Turns 0.2” Dia. #16 AWG 

L2 —9 Turns 0.15” Dia. #16 AWG 


Dotted Area — Capacitor Assembly 


Bead — Ferroxcube 56-590-65-35EB 


MOTOROLA RF DEVICE DATA 
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FIGURE 2 — POWER OUTPUT versus POWER INPUT a FIGURE 3 — POWER OUTPUT versus FREQUENCY 
a7) HA 20 
: E 
= = 
5 = 
5 KE 
fom) fan) 
to oh 
ud 
S S 
a? 6.0 a? 

0 J. 
05 05 10 15 20 25 #30 35 40 45 50 380 400 420 440 460 480 500. 520 540 
P;,, POWER INPUT (WATTS) f, FREQUENCY (MHz) 
FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE 
25 30 — 


Poute minus Pia (WATTS) 


Pout POWER OUTPUT (WATTS) 


7 2 14 516 Ub i 15 20 25 30 35 40 45 50 
Veg. SUPPLY VOLTAGE (VOLTS) P._, POWER INPUT (WATTS) 


FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


9.01 
LOAS TION COEF 

REFLECT! FICIENT 
OF 'N DEGREE 


: TTLLLIOLLIT . 
= EEE SHS 
Cet THEO 


0.6 + j4.0 
0.7 + j4.2 
1.0 + j5.0 
1.2 + j5.2 
L] 
a 


Pout = 15 W, Voc = 12.5 V eens oP SEaen CTA 
ede EEE SS PEE 


INSNOdWOD SDNVLSIS3Y 


“ZoOL= Conjugate of the load impedance into which the device output operates at a given power, 7, and frequency. 


MOTOROLA RF DEVICE DATA 
3-676 


MRF641 


MRF641 TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


A ATT? 


MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


MRF644 


25 W — 470 MHz 
CONTROLLED Q 


NPN SILICON RFE POWER TRANSISTOR ~ eee 


wiwebt 


NPN SILICON 


. designed for 12.5 Volt UHE oe: signal ainplifier applications in 
‘aduictiial and commercial FM equipment operating to 512 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics — 
- Output Power = 25 Watts 


Minimum Gain = 6.2 dB 
Efficiency = 60% _ | 

‘Characterized with Series Equivalent Large: Signal Impedance 
Parameters. 


Built-In Matching Network for Broadband Operation 


Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


MAXIMUM RATINGS 
| Rating 


Conector Evittr Vohage oes oe ie ef . Merwe vans 


Collector-Base Voltage ~ PIN 4, EMITTER 
= 2. COLLECTOR . 


Emitter-Base Voltage _ Pig | 40 we : 3 EMITTER 
7 cae 


Collector Current — Continuous 


—————___———— a NOTE: ; 
Total Device Dissipation @ Tce = 25°C ~ FLANGE IS ISOLATED IN ALL ST¥LES 
Derate above 25°C . 


MILLIMETERS 
Storage Temperature Range —65 to +150] °C MAX © 


THERMAL CHARACTERISTICS 


| Thermal Resistance, Junction to Case Rec 


“INCHES: 


3,05 3.30 
11.94 | 12.57 0 470_| 0. 495 


CASE 316-01 


MOTOROLA RF DEVICE DATA. 


3-678 


MRF644 


ELECTRICAL CHARACTERISTICS ANGS 25°C les otherwise noted. ee 


Symbal Smee eed ane ni 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO 
(Ic = 20 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage - ' V(BR)CES 
(I¢ = 20 mAdc, Vee = 0) 
‘Emitter-Base Breakdown Voltage 4 V(BR)EBO 
(le = 5.0 mAdc, Ic = 0) ; 
Collector Cutoff Current Ices feel 
(VcE = 15 Vdc, Veg = 0, Tc = 25°C) : eee 


ON CHARACTERISTICS 
‘|DC Current Gain 

(Ic = 4.0 Adc, Veg = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 2 
(Vog = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(Veco = 12.5 Vde, Poyt = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 

Input Power. 
(Vcc = 12.5 Vdc, Baul = 25W, f = 470.MHz) 

Collector Efficiency . 
(Voc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 

Output Mismatch Stress | oe _ No Degradation in Output Power 
(Vcc = 16 Vdc, Pin = Note 1, f = 470 MHz, VSWR = 20:1, 
All-Phase Angles) 


Series Equivalent Input Impedance j 1.2+j3.3 Ohms 
(Voc = 12.5 Vdc, Poy; = 25 W, f = 470 MHz) 

Series Equivatent Output Impedance 1.9 + j2.1 Ohms 
(Vcc = 12.5 Vdc, Poy, = 25 W, f = 470 MHz) cos 


Notes: 

1. Pin = 150% of Drive Requirement for 25 W Output at 12.5 Vdc. 

* w = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated ina 20:1 minimum load mismatch at ail phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 


C1, C2,C7,C8 1—20 pF JOHANSON Variable C12,C13 680 pF Feedthrough 23 0.20” x 0.20" Microstrip 


c3 27 pF 100 mil ATC 1 5’ #22 AWG 0.100" ID 24,25 1/2 #18 AWG bent ina 
C4 30 pF 100 mil ATC L2 5” #20 AWG 0.187” ID “V" shape 1/8" Wide > 
c5, C6 33 pF 100 mil ATC RFC1 Ferroxcube VK200-20-4B 26 0.20” x 0.20"’ Microstrip 
cg 250 pF 100 mil ATC B | Ferroxcube Bead 56-590-65-3B Z7 0.70" x 0.20’ Microstrip 
C10 100 pF UNELCO Z1 0.25" x 0.20” Microstrip zs 0.33” x 0.20" Microstrip 
C11, C14 1 uF 35 V TANTALUM Z2 1.63" x 0.20" Microstrip z9 0.50" x 0.20" Microstrip 


Board 62.5 mil Glass Teflon, € pm = 2.55 


MOTOROLA RF DEVICE DATA 
3-679 


MRF644 


FIGURE 2 — POWER OUTPUT versus POWER INPUT _ FIGURE 3 — POWER OUTPUT versus FREQUENCY 


40 


f= 470 MHz e ! : 
a 30 | a 30 7 
ie a an Oe = | " e 
a H ne 
Sp 5 | t= 6.0 W4 ie hes =| 
= a z 
a on | 5 20 = 
: f | | | 
oa = tT 4 
a a lL | 12.5V 
& i0 2°10 L + : 
roy Oo. 
a® | é eee 
| 
ace ee eI eel ee an : Sc ee ee ee ee et | 
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 440 460 480 520 
= Pin, POWER INPUT (WATTS) 


f, FREQUENCY (MHz) 


FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE 


40 
a 
as 2 
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ee 
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=. — 
[om] fon] 
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Vec, SUPPLY VOLTAGE (VOLTS) Pi, POWER INPUT (WATTS) 


FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


oo WAVEL 
ino." 


AS IF 
REE inoue 
Re 


[1.21 + 53.47 
1.21 + 3.25. 
SOAS i 1.06 + j2.09 | 1.96 + j2.34 


*Zo_ = Conjugate of the optimum load impedance into which the device output | 


operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
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FIGURE 8 — MRF644 TEST FIXTURE 


MRF644 TEST CKT. 8/75 REV.O1 


NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 9 — PRINTED CIRCUIT BOARD 


MOTOROLA RF DEVICE DATA 
3-681 


MOTOROLA 
- | MRFG46 


a ‘Whe RF Line | 


45 W — 470 MHz 
CONTROLLED O 


NPN SILICON RF POWER TRANSISTOR © _ | RF POWER 
| | . ee | _ TRANSISTOR 


NPN SILICON 


. designed for. 12.5 Volt UHF large- signal ‘amplifier: applications in 
sveleistrial and commercial FM eatupment operating to 512 MHz. 


@® Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 45 Watts | 
Minimum Gain = 4.8.dB 
Efficiency = 55% 
@® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


@ Built-In Matching Network for Broadband Operation 


@ Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


MAXIMUM RATINGS es aL " 

Collector-Emitter Voltage. on [ae 
ea 
ef 4004 
cae 


oe PIN 1. EMITTER 
— 2 COLLECTOR 
eS fo MITER 


Total Device Dissipation @ Tc = 25°C 117 “Watts _ ae 
Derate above 25°C an 0.67 wre | | FLANGE IS ISOLATED IN ALL STYLES, 


RE err eee  (MiLMETERS] INCHES 
DIM| MAX 
14 | 0.960 | 0990 
0.510 
0.300 
0.220 


0.120 
0.210_| 
0,730 


12.57 [0.470 
CASE 316-01 


MOTOROLA RF DEVICE DATA 


3-682 


MRF646 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | typ | Max | unit | 


OFF CHARACTERISTICS . 
| Collector-Emitter Breakdown Voltage 
(Iq = 20 mAdc, |p = 0) 
Collector-Emitter Breakdown Voltage 
(1c = 20 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage 
(lg = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vege = 15 Vde, Vee = 0, Tc = 25°C) 
ON CHARACTERISTICS 
DC Current Gain 
(Io = 4.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
: Output Capacitance 
(Veg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vde, Pout = 45 W, Ic (Max) = 5.8 Adc, f = 470 MHz) 
Input Power a 
(Voc = 12.5 Vdc, Pout = 45 W, f = 470 MHz) 
Collector Efficiency — . . 
(Vee = 12.5'Vde, Poyt = 45 W. Ic (Max) = 5:8 Adc, f = 470 MHz) 
Load. Mismatch Stress ca . . No Degradation in Output Power 
(Voc = 16 Vdc, Pin = Note 1, f = 470 MHz, VSWR = 20:1, | 
All Phase Angles) 8 Bs 


Series Equivalent Input Impedance ea . 1.4+j4.0 . 
. (Veg = 12.5 Vde, Poy = 45 W, f= 470 MHz) 
Series Equivalent Output Impedance . 12+j28 
(Vcc = 12.5 Vde, Pout = 45 W, f = 470 MHz) 


Notes: 
1. Pin = 150% of Drive Requirement for 45 W output @ 12.5 V. 


V(BR)CES | 


* Wy = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
stress test is accomplished. in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


C1,C8 1.0-20pF JOHANSON = L2° ~~ 5” # 20 AWG, 0.1” 1.D, 
c2 100 pF UNELCO RFC1.  Ferroxcube VR200-20-48 
C3,C6 33 pF100mil ATC Z1 0.525" x 0.190” Microstrip 
C4. 30 pF 100 mil ATC . 22 1.475" x 0.190" Microstrip 
C5 39 pF 100 mil ATC - - 23,24 (0.2 x 0.2)/0.25 Alumina 
C7 1—10 pF JOHANSON Z5 0.190" x 0.190” Microstrip 
cg 100 pF 100 mil ATC Z6 1.150" x 0.190” Microstrip 
C10,-C13 1-—@F 35 V TANTALUM 27 0.660" x 0.190” Microstrip 
C11, C12 680 pF Feedthrough © Board 62.5 mil Glass Teflon, 

B Ferroxcube Bead 56-590-65-3B €p = 2.55, = 0.0018 


| 5" # 22 AWG, 0.1" 1.D. 


MOTOROLA RF DEVICE DATA 


3-683 


MRF646 


PUT (NATTS) 


Pout, POWER OU 


Pout, POWER OUTPUT (WATTS) 


FIGURE 2 — POWER OUTPUT versus POWER INPUT | FIGURE 3 — POWER OUTPUT versus FREQUENCY 
Ales | ) 80. | . 
70 Pout vs Pin Pout vs Frequency 

470 MHz out 

60. 
sg LL. 
ast | 
0 


Pout POWER OUTPUT (WATTS) 


4.0 6.0 86» 8.0 10 12 1415 16 18 20 440 460 480 500 520 
Pin, POWER INPUT (WATTS) f, FREQUENCY (MHz) 


FIGURE 5 — POWER SATURATION PROFILE 


Pout VS Voc 
470 MHz 


Pout. MINUS Pi, (WATTS) 


4.0 6.0 8.0 10 12 14 18 18 20 4.0 6.0 2.0 10 12 14 18 19 
Vec, SUPPLY VOLTAGE (VOLTS) : P;,, POWER INPUT (WATTS) 


ho 
co 


FIGURE 7 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 
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*ZoL = Conjugate of the optimum load impedance into which the device output | . 
operates at a given output power, voltage and frequency. = 


~ MOTOROLA RF DEVICE DATA 
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FIGURE 8 — MRF644 TEST FIXTURE 


NOTE: The Printed Circuit Board shown is 75% of the original. 


_ FIGURE 9 — PRINTED CIRCUIT BOARD 


MOTOROLA RF DEVICE DATA 


_ AAP 


MOTOROLA 


= SEMICONDUCTOR se 
TECHNICAL DATA MRFEG48 


60 W — 470 MHz 


| | CONTROLLED Q 
NPN SILICON RF POWER TRANSISTOR | RF POWER 


CEQOTAMD 


| bile 
| aS pete Ge Seas NPN SILICON 


. designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics - — 
Output Power = 60 Watts 
Minimum Gain = 4.4 dB . 
Efficiency = 55% 
Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


Built-In Matching Network for Broadband Operation 
Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 20% Overdrive 


MAXIMUM RATINGS 


Emitter-Base Voltage = Lett toee 


STYLE1: * 
~ PIN1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGEISOLATED 


Collector Current — Continuous : ree 


Total Device Dissipation @ eee = - 25°C 
Derate above 25°C | 


Storage Temperature Range —65 to +150 al 


io" [RICLETERS AETERS| INCHES 


THERMAL CHARACTERISTICS acl eal ee loser oa 
Thermal Resistance, Junction to C | Rac et gar par 086 
ermal Resistance; Junction to Case ara 7 

| [otis ess Foo Tegan 


Miia ite 18.54 aN rea 


CASE 316-01 


‘MOTOROLA RF DEVICE DATA 


3-686 


MRF648 


ELECTRICAL CHARACTERISTICS ae 25°C unless mineewice noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage SIBBICEO: 


(ig = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(We = 5.0'mAdc, lc = 0). 


Collector Cutoff Current | 
ON nnAC TERT 
DC Current Gain 

(I¢ = 6.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vop = 12.5 Vde, Ie = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 60 W, f = 470 MHz). 
Input Power 


(Veg = 12.5 Vde, Poy, = 60 W, f = 470 MHz) 


Collector Efficiency ae 
(Vec = 12.5 Vdc, Po, = GOW, f= 470 MHz) 

Output Mismatch Stress ~ “ No Degradation in Output Power 
(Vcc = 16 Vdc, Pj, = 26 W, f = 470 MHz, VSWR = 20:1, 4 
All Phase Angles) 


Notes: 
 =Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
‘stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 
RFC1 


C3 


12.5 Vdc 


C1 C8 
C1, C2, C8, C10 1-20 pF Johanson C12, €13 680 pF Feedthrough Z2 1.39'" X 0.190"' Microstrip 
C3 200 pF Unelco  B Ferroxcube Bead 56-590-65-3B ' 23,24 (0.2 X 0.2)/0.25 Alumina 
c4,C5 33 pF 100mi! ATC | 10 Turns =26 AWG 0.1" 1.D. X 0.23" Z5 1.30"° X 0.190" Microstrip 
C6, C7 36 pF 100mil ATC L2 10 Turns =20 AWG 0.1" 1.D. X 0.50” 26 0.330" X 0.190” Microstrip 
C9 100 pF 100mil ATC RFC1. Ferroxcube V.R200-19-4B .- Board 62.5mil Glass Teflon, ER = 2.55, 
C11, C14 1.0 uF 35 V Tantalum 21 0.46" X 0.190" Microstrip no A = 0.0018, Dimension: 


9.0 X 3.0°' X 0.06" 
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FIGURE 2 — POWER OUTPUT versus . FIGURE 3 — POWER OUTPUT versus 
POWER INPUT | FREQUENCY 
100 : 7 i | 
i te Veo = 12.5 V 
A B80 ae bho Be 
E | Ver = 13.6 V < 
= iL ae 1 1 = - a 
E cw : 
5 an ie ee | pee" 5 e 
5. aoa 7 & 
= = 
= A” 
a ae a ca 5 
3 5 
a 20 ae 
[ | | 5 
a| | | 
6.0 9.0 12 15 18 21 24 27 30 380 400 420 440 460 480 500 520 540 


P;,, POWER INPUT (WATTS) f, FREQUENCY (MHz) - 


FIGURE 4 — POWER OUTPUT versus ; . 
SUPPLY VOLTAGE - FIGURE 5 — POWER SATURATION PROFILE 


T 60 —T 
f = 470 MHz f = 470 MHz 


ane b 
Veg = 13.6 V 


=a 


40 


Pout—Pin (WATTS) 


Pout, POWER OUTPUT (WATTS) 


8.0 9.0 10 1 12 13 14 15 «416 6.0 9.0 12 15 18 21 24 77-30 
Vcc, SUPPLY VOLTAGE (VOLTS) P..,, POWER INPUT (WATTS) 


_ FIGURE 6 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 
aor 
ail 
pet 


0.76+j3.1 | 0.97 +42.4 
0.80 +j3.2 | 1.05 + j2.5 
0.82 + j3.3 | 1.10 +j2.7 
1.00+j3.4 | 1.10+j2.9 
1.30+j3.3 | 0.80 +j3.1 
Pout = 80 W, Vee = 12.5 VOLTS 


*ZOL = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 
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TEST CIRCUIT TEST FIXTURE 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA 
= SEMICONDUCTOR EE 
TECHNICAL DATA MRF652 


The RF Line 


5.0W 512 MHz 


RF POWER » 


NPN SILICON RF POWER TRANSISTOR . TRANSISTOR 
.. designed for 12.5 Vdc UHF large-signal, amplifier applications in NPN SILICON 
indusirial and commercial FM equipment operating to 512 MHz. | 


@ Guaranteed 12.5 Volt, 512 MHz Characteristics 
Output Power = 5.0 Watts 
Minimum Gain = 10 dB 
Efficiency = 65% (Typ) 


@® Typical Performance at 870 MHz, 12.5 V, 5.0 W Output = 6. 0 dB 
@ Series Equivalent Large-Signal Characterization 

® Gold Metallized, Emitter Ballasted for Long Life and Reliability 
@ Capable of 30:1 VSWR Load Mismatch at 15.5V Supply Voltage 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Collector-Base Voltage “ 


Emitter-Base Voltage 


Collector Current —.Continuous . 


Total Device Dissipation @Tc= 25°C . : 
Derate Above 25°C | a4 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
_ 3. EMITTER 
~~ 4: COLLECTOR 


Storage neon Range 


Operating Junction Temperature. * 


THERMAL CHARACTERISTICS 
Characteristic _ 


Thermal Resistance, Junction to Case 
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9.055 | 0.070 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage . VIBR)CES” 
(I¢ = 25 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage a V(BR)CBO 
(Ic = 25 mAdc, Ip = 0) | : woe 


Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, Ic= 0) 


Collector Cutoff Current 
(Vcg = 15 Vdc, VBE = O) 7 


ON CHARACTERISTICS 


DC Current Gain ; HEE 10 a eee 150 — 
(i¢ = 200 mAdc, VcE = 5.0 Vdc) . . fs 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 


(VcB = 15 Vdc, IE = 0, f= 1.0 MHz) 


ae 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain | f= 512 MHz ze 


11 — 
(Vcc = 12.5 Vde, Pout = 5.0 W) : f= 870 MHz 6.0 = 
Collector Efficiency 65 — 


(Vcc = 12.5 Vdc, Pout = 5.0 W, f = 512 MHz) 


Load Mismatch 
(Vcc = 15.5 Vdc, Poyt = 6.0 W, f= 512 MHz, . 
VSWR 30:1 At All Phase Angles) 


No Degradation in Output Power 


FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT 


B2 B3 
+12.5 Vde 
oh 
COPA ee Seer 
aE, oes aL OGRE 
: C4 L2 - 
C8 
a] ox 
C10 C11 

- C12 
B1-B3 — Ferrite Bead C8 — 68 pF Mini-Underwood Mica 
C1 — 7.0 pF Unelco Mica C9 — 1.0 pF Electrolytic 25 V 
C2 — 1.0-6.0 pF Johanson Variable 5201 C10, C1 1 — 5.0 pF Unelco Mica 
C3 — 15 pF Unelco Mica C12 — 1.0-10 pF Johanson Variable 5501 


ae L1,L2 — 6 Turns, 20 AWG Wire 0.125” ID 

— 43 pF Mini- M 

ae = a ee Lie peas iG Z1, Z2 -- 25 Ohm uStripline (See Photo-Mask - Figure 7) 
P 23-Z5 — 50 Ohm uStripline (See Photo-Mask - Figure 7) 

meee oe pene lees Board — 0.032” Glass-Teflon 

C7 — 0.1 wF Ceramic 
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FIGURE 2 = OUTPUT POWER versus INPUT POWER : FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — TYPICAL BROADBAND 
CIRCUIT PERFORMANCE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout. OUTPUT POWER (WATTS) 
Pout. OUTPUT POWER (WATTS): 


ne, COLLECTOR EFFICIENCY (%) 


INPUT VSWR 


Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT 
INPUT/OUTPUT IMPEDANCE 
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ar ENGTHS 
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Vec = 12.5 Vde 


1.18 + j0.54 


1.19 + j0.88 
1.19 451.11 
1.19 + 1.35 


S 
SSS poh i % *ZOL = Conjugate of ae load 
(XK sans ct Lt LX impedance into which the device 
SSS ETE EEEEH gt Hi FERRO operates at a given output power, 

SST PROX voltage, and frequency. 
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MRF652 TEST CKT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 8 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


ae SEMICONDUCTOR 
TECHNICAL DATA 


MIRF652 


RF Power Transistor , 
10 W 512 MHz 


. designed for 12.5 Volt UHF large- signal amplifier applications in industrial and _ RF POWER 
commercial! FM equipment operating to 512 MHz. | . | TRANSISTOR 
® Specified 12.5 Volt, 512 MHz Characteristics oo _— ne NPN SILICON 

Output Power = 10 W 7 - 

Gain = 8 dB (Typ) 

Efficiency = 65% (Typ) 
@ Gold Metallized, Emitter Ballasted for Long Life and. Reliability a, 
@ Capable of 20:1 VSWR Load Mismatch at 16 V Supply Voltage aes 


MAXIMUM RATINGS | 


a 
a 


Total Device Dissipation @ Ta = 25°C 


Perate abcv an ORO” 
wo WU ev wy 


CASE 244-04 
CERAMIC 


Hac 


Collector-Emitter Breakdown Voltage (i¢ = 20 mAdc, VBE = 0) V(BR)CES 
Emitter-Base Breakdown Voltage (IE = 5mAdc, Ic = 0). . ; V(BR)EBO 


Collector Cutoff Current (VcE = 15.Vdc, VBE = 0) | 7 | 
ON.CHARACTERISTICS = | oo | re 7 
FBG Garent Gein lg = VAs Veg = Sv) ——~S™~*~*~‘~tCS‘iE*dYSC 
DYNAMIC CHARACTERISTICS | 7 7 a CO 
[Output Capactance cg = Tavis goto twa | Gp | — [| | 
FUNCTIONAL TESTS 


~ Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 10 W, f = 512 MHz) 


Collector Efficiency 
(Vec = 12.5 Vde, Poyt = 10 W, f = 512 MHz) 


Load Mismatch Stress No Degradation in Output Power 
(Vcc = 16 Vdc, f = 512 MHz, Pjn* = 2.6 W, 
VSWR = 20:1 All Phase Angles) 


*Pin = 2 dB over the typical input power required for 10 W output power @ 12.5 Vdc 
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JP1 L1 B 


C1, C5 —. 1-20 pF, Johanson 

C2, C6 — 330 pF, 100 Mil ATC 
C3, C4 — 36 pF, Mini-Unelco 

C7, C12 — 10 uF, 35 V, Tantalum 
C8, C11 — 0.1 uF, Ceramic | 

C9, C10 — 91 pF, Mini-Unelco 


B L4 
of + 
I ond f+ - Vec 
S C10 C11 C12 — 
“af T@ Te 7 
SOCKET = = a 
oO 7] 
| 
| 
= | 
cy DU 
i 
“-) : 
. a 
C4 | . C5 
| 
—_—__— » : 


L1, L4 — 4-1/2 Turns, #18 AWG, 0.16” ID 

L2, L383 — 2 Turns, #18 AWG, 0.16” ID 

B — Ferrite Bead, Ferroxcube 56-590-65-3B 

Z1 — 51 x 630 mils 

22 — 162 x 1300 mils 

Z3 — 210 x 1350 mils 

Z4 — 210-x 280 mils 

Z5 — 51 x 300 mils a : 

Board Material — 0.032” epoxy glass G10, 1 0z., copper clad, 
double sided, er = 5 

JP1— Jumper, #14 AWG w/Banana Plugs 


Figure 2. Broadband Test Circuit Schematic 
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UE 
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f, FREQUENCY (MHz) 


: FREQUENCY IM) 


Figure 5. Output Power versus Frequency 
Figure 7. Typical Broadband Circuit Performance 


NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 3. Photomaster 
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MRF653 


Figure 4. Output Power versus Input Power 


Figure 6. Output Power versus Supply Voltage 
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10 + [24 
10 + 28 | 41 — jt | 
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Figure 8. Series Equivalent input and Output Impedance 


OUTLINE DIMENSIONS 


CASE 244-04 MILLIMETERS INCHES _| 


_ CERAMIC , 0.286 
20 | 650 | 0.244 [* 0.256 


T ; 
| rary. a | 2 | — 

— +4 008 [oa 0.003 | o007 | 
a | s | STYLE 1: «| it05 [— [os [=] 
searing plane} ~~ PIN1. EMITTER me 

F i, | BASE 0.050 
| { . { 3.EMITTER , 3, 0.118 jie . 

4, COLLECTOR 
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MOTOROLA 


m= SEMICONDUCTOR E 
TECHNICAL DATA 


MRF654 © 


15 W 470 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR - 


... designed for 12.5 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 512 MHz. 


@ Specified 12.5 Volt, 512 MHz Characteristics | 


NPN SILICON 


Output Power = 15W_ 
Minimum Gain = 7.8 dB 
Efficiency = 55% 
@ Built-In Matching Network for Broadband Operation 
@ Gold Metallized, Emitter Ballasted for Long Life and 
Reliability . 
® Capable of 20:1 VSWR Load Mismatch at 15.5 V Supply 
Voltage : 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO | 
Collector-Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C . 


STYLE 1: | 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Storage Temperature Range 


MILLIMETERS | INCHES 
MIN | MAX MAX 
7.06 | 7.26 | 0. 0.286 
6.20 | 6.50 | 0. 0.256 
14.99 | 16.51 | 0.590 | 0.650 
5.46 | 5.96 | 0. 0.235 
1.40 | 1.65 | 0. 0.065. 
1.52 | - 
0.08 | 0.17 [0. 0.007 
11.05 | - 435 [| 
45° NOM NOM 
- 1.27 [0.050 
3.00 | 3.25 [0.118 | 0.128 
{140 | 1.77 | 0. 0.070 
2.92 | 3.68 | 0. 0.145 


THERMAL CHARACTERISTICS 


o 


| 


thermal Resistance, Junction to Case 


7 


S44) VS ale) mm ool SS 


CASE 244-04 
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ELECTRICAL CHARACTERISTICS. Mc = = 25°C unless otherwise noted.] 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage . | V(BRICEO 
(Ic = 25 mAdc, Ip = 0) 
| Ices — 2.0 , 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(le = 5.0 mAdc, Ic =.0) 


Collector-Cutoff Current 
(VcE = 15 Vdc, VBE = 


- ON CHARACTERISTICS 
DC Current Gain 7 


(ic = 1.0 Adc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 

(VcpB = 15 Vdc, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vde, Pout = 15 W, f = 512 MHz) 
Collector Efficiency: , 


(Vcc = 12.5 Vde, Pout = 15 W, f = 512 MHz) ~ 


Load Mismatch Stress a 7 No Degradation In Output Power 
‘(Vcc = 15.5 Vde, f = 470 MHz, | | 
2.0 dB Overdrive, VSWR = 20:1 All Phase Angles) 


FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT 


C1, C5 _ 68 pF Mini-Unelco : | | L2,L3 — 2 Turns, #18 AWG Enamel Covered, 0.16” ID 


C2, C3 — 33 pF, Mini-Unelco oe B — Ferrite Bead, Ferroxcube 56-590-65-3B 
C4 — 47 pF, Mini-Unelco | | ~ 21-26 — See PCB Artwork | 
C6, C11.-— 10 uF, 25 V. Tantalum a ~- PCB — 1/32" G-10, Er = 4.5 @ UHF 

C7, C10 — 0.1 uF, Ceramic me Socket — See Socket Drawings | 
C8, C9 — 91 pF, Mini-Unelco .  JP1— Jumper, #14 AWG w/Banana Plugs 


L1, L4- — 4% Turns, #18 AWG, Enamel Covered, 0.16” ID 
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Pout, OUTPUT POWER (WATTS! 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
440 MHz ~ 
ft ff dl ih ee 
21 | Ae _! 
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P:.,, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


- FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout, OUTPUT POWER (WATTS) 


0 
440 . 460 480 500 520 
f, FREQUENCY (MHz) 


FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE 


440 460 480 500 520 
f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE 
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FIGURE 7 — 440-512 MHz BROADBAND TEST CIRCUIT 


FIGURE 8 — PCB BOARD LAYOUT 


_" 
_ a 


440-512 MHz 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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TECHNICAL DATA 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large signal power amplifier applica- 
tions in commercial and industrial FM. equipment. 


© Low Cost Common. Emitter TO-220 Package 
® Specified 12.5 V, 470 MHz Performance 
Output Power = 7.0W : 
Power Gain = 5.4 dB Min 
Efficiency — 60% Min 
@ Load Mismatch Capability at High Line and 
RF Input Overdrive 


MAXIMUM RATINGS - - 


Rating 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Resc 


(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 


3-702 


MRF660 


-7.0W 470MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 
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STYLE 2: 
PIN 1. BASE 
1. DIM. L & H APPLIES 2. EMITTER 
TO ALL LEADS. 3. COLLECTOR 


4, EMITTER 


MILLIMETERS INCHES 

{win Tmax 
| 0.595 | 0.620 
0.380 | 0.405 
0.160 
0.025 


6.48 | 0.235 | 0.255 
1.27 | 0.030. | 0.050 


CASE 221A-02 
TO-220AB 


MRF660 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage crBeere 
(Ic = 20 mAdc, Ip = 0) 


‘Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, VpeE = 0) . 
Emitter-Base Breakdown Voltage : 
(Ig = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Voce = 15 Vdc, Vgg =0, TC = 25°C) 
ON CHARACTERISTICS _ 
DC Current Gain 

(Ile = 250 mAdc, VcE = 5 0 Vdc) 
DYNAMIC CHARACTERISTICS 
- Output Capacitance 

(Veg = 12.5 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vde, Poyt = 7.0 W, f = 470 MHz) 


Collector Efficiency 
(Vec = 12.5 Vdc, Poyt = 7.0 W, f = 470 Mhz) 


FIGURE 1 — TEST CIRCUIT 


RFC3 


+ 


Vec = 12.5 Vdc 


C1, C9 — 1-10 pF Johanson 


RF Output 
9 
C2, C8 — 15 pF Underwood Elect. Co. Type J101 


C3 — 270 pF, ATC Chip Capacitor Case B - NOTE: 
C4, C6 — 24 pF ELMENCO MCNO1/010 7 


' C5 — 0.1 uF Ceramic, Erie -L1 QF L2 ae 
C7 — 1.0 uF, 35 V, Tantalum . 0.550” 0.300” 
L1— 27 nH Copper Strap 0.150” X 0.025” X 1.5” (See Note) ma 1 


c8& 


C2 
“RE Input 
om 


L2 — 16 nH Copper Strap 0.150” X 0.025’’ X 1.0” (See Note) 

RFC1 — 0.68 #H Molded Choke, Cambion 

RFC2 — 4. Turns #20 AWG, 0.312”' ID X 0.25” Long 

RFC3 — Ferrite Choke, Ferroxcube #VK200-20/4B 

Bead — Ferrite Bead, Ferroxcube #56-590-65-3B . 

Printed Circuit Board Material — 3M #K6098-22062, Teflon Fiberglass 
or equivalent 


MOTOROLA RF DEVICE DATA 


Q.7NR 


MRF660 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
T . ri [1 
| ~ + = Voc = 12.5 Vde 
12 vee" 13.6 Vde 12 -—- 4 
eo | 12.5 Ves 2 
=z igh it 7 Vide SN < ‘ 
us 3.01 | 4 if 
= 
5 ee ne NI o 
= a 5 
— ; 
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P;,, INPUT POWER (WATTS) | f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | 


f=470MHz 
Pi, = 2.0 Watts 


Pout, OUTPUT POWER (WATTS) 


8.0 10 42 14 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Pin = 2.0 W, Voc = 12.5 V 


3 
MHz Ohms Ohms 
400 | 28 +9.0 | 65495 | 
180 
*ZoOL = Conjugate of the optimum 
load impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 
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MOTOROLA RF DEVICE DATA 


3-704 


MRF660 


FIGURE 6 — UHF TEST AMPLIFIER 


FIGURE 7 — PRINTED CIRCUIT BOARD 


MRF660 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


MRF 7/50 
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0.5 W — 470 MHZ — 7.5 V 


ie : 
NPN SILICON HIGH FREQUENCY TRANSISTOR HIGH FREQUENCY 
- | TRANSISTOR | 
. . designed for 5.0 to 1G Voii UHF large-signal aniplifier applications 


Sa a : . ; die Secs NPN SILI 
in industrial and commercial FM equipment operating in the 407 to ae can 
512 MHz range. Ideally suited for handheld radios and other equip- 


ment where high packaging density is required. 


® Specified 7.5 Volt, 470 MHz Characteristics — 

Output Power = 0.5 Watts 

Minimum Gain = 10 dB 

Minimum Efficiency = 55% . 
® Capable of Withstanding Load Mismatch at Highline. 
and RF Overdrive 
@ Silicon Nitride Passivation 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


45° NOM 


Case 305A-01 


MOTOROLA RF DEVICE DATA 


3-706 


MRF750 


ELECTRICAL CHARACTERISTICS (To= 25°C unless otherwise noted) 
_ Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 MAdc, Ig = 0) . 
Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Veg = 0) 
Emitter-3ase Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcp = 9.0 Vdc, Ie = 0) 
- ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 50 mAdc, Vce = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance: 
(Veg = 7.5 Vdc, le = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 7.5 Vdc, Pout = 0.5 W, f = 470 MHz) 


Sel a at 


Collector Efficiency 
(Voc = 7.5 Vdc, Pout = 0.5 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


ci RF Output 
RF input a G2 | i 


C2- . z3| “|c4_ 
C1, C2, C3, C4, — Johanson Trimmer, JMC#5501 Z1, Z2 — Microstrip W = 0.26”, L = 2.9” 
cS — J101, 100 pF Unelco . 23 — Microstrip W = 0.5", L = 1,2” 
C6, C7 — 680 pF Allen Bradley Feedthru  . .24 — Microstrip W = 0,055", L = 3.9” 
C8 ~ 1.0 uF Tantalum Z5 — Microstrip W = 0,055”, L = 2,9” 
RFC1 — Ferroxcube Bead, 56-590-65-3B Board Material — Glass Teflon, t = 0.062. 
RFC2 — Choke, VK 200/48 €, = 2.5 . 


-MOTOROLA RF DEVICE DATA 


9° °7N7 


MRF750 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — POWER GAIN versus FREQUENCY 450 MHz 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 
3-708 


MRF750 | 


aie ' FIGURE 7 — 470 MHz TEST CIRCUIT 
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MOTOROLA RF DEVICE DATA 
3-709 


MOTOROLA 


ae 
a MRF752 


The RF Line 


2.5 W — 470 MHZ — 7.5 V 


HIGH FREQUENCY 


NPN SILICON HIGH FREQUENCY TRANSISTOR TRANSISTOR 


ae designed for 5.0 to 10 Volt UHF large-signal amplifier applications NEN Sicon 
in industrial and commercial FM equipment operating in the 407 to 
512 MHz range. Ideally suited for handheld. radios and other equip- 
ment where high packaging density is required. - oes eee 
@ Specified 7.5 Volt, 470 MHz Characteristics — 

Output Power = 2.5 Watts ~ 

“Minimum Gain= 8.0dB | 

Minimum Efficiency = 55% ae | 
@ Capable of Withstanding Load Mismatch at High Line: 

and RF Overdrive oy ote —- | 


MAXIMUM RATINGS 
[EmivterBase Vole —=S~S~*~dC~C ew | 


eae [a 
Derate Above 25°C 85.5 ~ mW/°C 
THERMAL CHARACTERISTICS 


(1) These devices are designed for RF operation. The total device dissipation rating applied 
only when the devices are operated as RF amplifiers. 


Py SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER | 
4, COLLECTOR 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 249-05 


MOTOROLA RF DEVICE DATA 


3-710 


MRF752 


ELECTRICAL CHARACTERISTICS Te 250¢ unless otherwise noted) 


a a 


| V(BR)CEO a aa : : Vde 
a ae a 
iol DE PSE ce a 


Characteristic 


_OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, Ip = 0) 


Collector-Emitter Breakdown Woltage 
(Ic = 25 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(IE = 3.0 mAdc, lc = 0) — 
Collector Cutoff Current 
(Veg = 9.0 Vdc, Ie = 0) 
. ON CHARACTERISTICS 
| DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 7.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS. 


Common-Emitter Amplifier Power Gain 
(Vcc = 7.5 Vdc, Poyt = 2.5 W, f = 470 MHz) 


Collector Efficiency 
(Vec= 7.5 Vde, Poyt = 2.5 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


RFC2 


C1, C2, C3, C4 — Johanson Trimmer JMC#5501 
C5 — J101, 100 pF Unelco 

C6 — J101, 15 pF Unelco: 

C7, C9 — 680 pF Allen Bradley Feedthru 

C8 — 1.0 uF Tantalum 


21, Z2 — Microstrip W = 0.26”, L = 2.9” 
Z3 — Microstrip W = 0.5”, L = 1.2” 

24 — Microstrip W = 0.055”, L. = 3.9" 
Z5 — Microstrip W = 0.055", L= 2.9": 


RFC1 — Ferroxcube Bead, 56-590-65-3B 
RFC2 — Choke, VK 200/48 , 


Board Material — Glass Teflon 
t= 0.062 
= 2.5 


MOTOROLA RF DEVICE DATA 


3-711 


MRF752 . 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
450 MHz 
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FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — OUTPUT POWER versus INPUT POWER, 
470 MHz 512 MHz 


Pout, QUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 
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P..,, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
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MOTOROLA RF DEVICE DATA 
3-712 


MRF752 


MOTOROLA RF DEVICE DATA 


R-712 


MOTOROLA 
| : MRF754 


8.0 W — 470 MHz — 7.5 V 


HIGH FREQUENCY 
TRANSISTOR 


SILICON HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


... designed for 5.0 to 10 Volt UHF large-signal amplifier applica- 
tions in industrial and commercial FM equipment operating in the | 
407 to 512 MHz range. Ideally suited for handheld radios and other 
equipment where high packaging density is required. - - os 


Output Power =:8.0 Watts. 
Minimum Gain=6.0dB 
Minimum Efficiency = 55%: ~ : | 
® Capable of Withstanding Load Mismatch at Highline and RF . 
Overdrive... : a 2. - 


®@ Specified 7.5 Volt, 470 MHz Characteristics — 


MAXIMUM RATINGS 


[Rating ———SSS~*d*SSymib] 


Emitter-Base Voltage VEBO 
Collector-Current — Continuous | Ic | 


Ic 
Total Device Dissipation @ Tc = 25°C (1) 

Derate Above 25°C 
Storage Temperature Range ~65 to +150°C 


THERMAL CHARACTERISTICS 


Symbol 


Collector-Emitter Voltage _ VCEO 


| ee PLANE 


STYLE 2: SEATING PLANE = 
PIN 1. EMITTER GROUND ANDIS 
2. BASE CONNECTED TO 
3. EMITTER PIN 7 AND PIN 3. 
4. COLLECTOR 


Thermal Resistance, Junction to Case (2) RaJc 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. — 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


CASE 249-05 


MOTOROLA RF, DEVICE DATA 


3-714 


MRF754 


ELECTRICAL CHANGES Ene ee (Tc= 25°C unless otherwise noted) — 


aoe Characteristic rH NT 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown peage a a ee 
(I¢ = 50 mAdc, Ip=0) . 
ee ee 
(Ic = 50 mAdc, VBE = a) 
(ig = 3.0 mAdc, Ic = 0) ae fe 


(Vcp = 9.0 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 200 mAde, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 7.5 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 7.5 Vdc, Poyt = 8.0 W, f = 470 Me) 


Collector Efficiency 
(Vcec=7.5 Vde, Pout = 8.0 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


C1,C2, C3, C4 — Johanson Trimmer JIMC#5501 
C5 — J101, 100 pF Unelco 

C6 — J101, 15 pF Unelco 

C7, C9 — 680 pF Allen Bradley pecgiins 

C8 — 1. 0 LF Tantalum 


21, 22 — Microstrip W = 0.26", L = 2.9” 
23 — Microstrip W = 0.5", L = 1,2” 

24 — Microstrip W = 0.055", L = 3.9" 
25 — Microstrip W = 0.055”", L = 2.9” 


RFC1 — Ferroxcube Bead, 56-590-65-3B 
RFC2 — Choke, VK 200/4B 


Board Material — Glass Teflon 
t= 0.062 
€, = 2.5 


MOTOROLA RF DEVICE DATA 
3-715 


OUTPUT POWER versus INPUT POWER 


FIGURE 3 — 


MRF754 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
3-716 


MRF754 


FIGURE 7 — 470 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


3-717 


MOTOROLA 
TECHNICAL DATA Oo oe - MRF837 


| | The RF Line | 


750 mW 870 MHz 


RF LOW POWER 


NPN SILICON RF LOW POWER TRANSISTOR 
| TRANSISTOR 


... designed primarily for wideband large signal predriver stages 
in 800 MHz and UHF frequency ranges. 


® Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 
® Low Cost Macro-X Plastic Package 
® State-of-the-Art Technology 
Fine Line Geometry: 
Gold Top Metal and Wires 
Silicon Nitride Passivated 
lon Implanted Arsenic Emitters 


MAXIMUM RATINGS | | 

PRating———SSS*dYSCSymbor_| Vale [Unit 
Collector-Base Voltage : VcBo 
Emitter-Base Voltage VEBO 40 

c 


Total Device Dissipation @ Tc = 50°C 
Derate above 50°C (1) 


Storage Temperature Range on Ty, Tstqg.. |. — 65 to. + 150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Re@Jc 40 ~ 8CP 


(1) Case temperature measured on collector lead immediately adjacent to body of package. 


SEATING PLANE 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4, EMITTER 


MILLIMETERS 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


CASE 317-01 


MOTOROLA RF DEVICE DATA 


3-718 


MRF837 


ELECTRICAL CHARACTERISTICS Te = = 25°C unless otherwise noted. ) 


[cacti | Simat | in [Tow [Moe | Unie 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage | ~ | ViBR)JCEO 16 — . Vde 
(I¢ = 5.0 mAdc, Ip = 0) . . . 

Collector-Emitter Breakdown Voltage — oe a | V(BR)CES 36 Vdc 
(I¢ = 5.0 mAdc, VBE = 0) ae - | eo | . 


Collector Cutoff Current 
(VcE = 15 Vde, VBE = 0, Tce = 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, Vcg = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) . 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 0.75 W, f = 870 Miz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 0.75 W, f = 870 MHz) 


Emitter-Base Breakdown Voltage 7 | “ViBR)EBO’ Vdc 
(Ie = 0.1.mAdc, Ic = 0). ; . — . 
7 | 0.1 
2 


FIGURE 71 — 800-880 MHz BROADBAND CIRCUIT 


B L3 
+ 
+ 
C7 T C8 T . 7Vcc 
oe _ C4 
i HO 
C5 
C1, C2, C5 = 0.8-8.0 pF Johanson Gigatrim L1,L2.  — 4 Turns, #21 AWG, 5/32” ID 
C3 — 5.0. pF Clamped Mica, Mini- Underwood ~ £3... =. 7 Turns, #21 AWG, 5/32” ID 
C6 — 91.pF Clamped Mica, Mini- Underwood 21 — 0.80” x 0.163" Microstrip, Zo = 500 
C4 — 470 pF Ceramic Chip Capacitor Z2 , — 1.375" x 0. 163” Microstrip; Zo = 500 
C7 — 68 pF Clamped Mica, Mini- Underwood Z3, Z4 _7- 0.375" x 0.163” Microstrip, Z9 = 500 
C8 >  —. 1.0 MF 25V Tantalum. . 25  - — 1.35" x 0.163” Microstrip, Z5 = 50 0 


B — Bead, Ferroxcube 56-590- 65/3B - PCB — 1/16" Glass Teflon, e- = 2.56. 


aaa ea ranean ra 
| MOTOROLA RF DEVICE DATA 
3-719 


MRF837 | : 


FIGURE 2 — 800-880 BROADBAND CIRCUIT 


FIGURE 3 — 800-880 MHz BROADBAND CIRCUIT PHOTOMASTER 


@MRF837 750 mWif 
H800-880 MHz 


MRF837 3/4 W 
800-880 MHz 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA. RF DEVICE DATA 
| 3-720 


_MRF837 


800/900 MHz BAND DATA 


FIGURE 4 — BROADBAND PERFORMANCE | 
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Collector Efficiency 
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~ Pout, OUTPUT POWER (mW) 


Qa 
wo 


"Input Return 
Loss 
a 
2) 


f, FREQUENCY (MHz) 


FIGURE 5 — Zin AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER AND OUTPUT POWER 


Pout 806 MHz = 870 mW Pout 806 MHz = 1.05 W 
Pout 870 MHz = 950 mW 
Pout 960 MHz = 725 mW 


Frequency oo Pout 870 MHz = 820 mW 


Vcc = 12.5V Vee = 7.5V | Vcc = 12.5 V 


806 6.1 + j3.6 | 4.3 + j0.6 38.3 — j16.4 : 23.2.— J31.6 


870 5.6 + j5.2 6.5 + j3.6 es 40.8 — j18.9 : 41.3 ~ j18.4 
960 6.1 + j6.8— 6.4 + j4.5 43.8 — j14.7 41.4 — j19.0 


*Zo_ = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 
3-721 


MRF837 


800/900 MHz BAND DATA (continued) 


OUTPUT POWER versus 


TPUT POWER versus 


FREQUENCY 
Vec = 7.5 Vde 


ou 


FIGURE 7 — 
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f = 8760 Mitiz 
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Pins INPUT POWER (mW) 


FIGURE 9 — OUTPUT POWER versus 


FIGURE 8 — OUTPUT POWER versus 


FREQUENCY » 
. Vcc = 12.5 Vde | 


f 


COLLECTOR VOLTAGE 


870 MHz 


~ 1600 


1600 


(MW) HIMOd LNdLNO 3d 


~f, FREQUENCY (MHz) 


Voc, COLLECTOR VOLTAGE (Vde} 


MOTOROLA RF DEVICE DATA 


3-722 


MRF837._ 


UHF BAND DATA : 
FIGURE 10 — Zin AND ZoL versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


Frequency 


Pout 400 MHz = 875 mW - 


Pout 450 MHz = 790 mW 
— Poyt 512 MHz = 675 mW 


37.8 + j12.3 


Pout 400 MHz = 1.25 W_ 
Poyt 450 MHz = 1.1 W 


518 — j7.2 


35.8 + j86 52.2 — j16.7 


42.4 + j0.24 437 — 6.7 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, walace. and frequency. 


. FIGURE 11 — OUTPUT POWER versus 
INPUT POWER - 
“f = 512 MHz 


Pout, OUTPUT POWER (mW) 


P;.,, INPUT. POWER (mW) 


_ FIGURE 13 — OUTPUT POWER versus Ps 


COLLECTOR VOLTAGE ia 
= 512 MHz . 
io a 
| 
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x i ae Sn eee a ee ee ee 

a ae) aie aaa (ee ae ee) eee 

ae ee ee ee ae 

0 a ee 

6.0 8.0... 10. 12 6 


Vcc, COLLECTOR VOLTAGE (Vdc) 
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FIGURE 12 — OUTPUT POWER versus 
_ FREQUENCY 
Vec = 7.5 Vde © 


Pout, OUTPUT POWER (mW) 


0 
400 = 420 440 . 460 © 480 00 520 
f, FREQUENCY (MHz) 
_ FIGURE 14 — OUTPUT POWER versus 


FREQUENCY | 
- Vee = 12.5 Vde 


f, FREQUENCY (MHz) 


~ MOTOROLA RF DEVICE DATA 
3-723 


MOTOROLA 
TECHNICAL DATA 


MRF838 


MRF 838A 


| 
| 
RF POWER | 
TRANSISTOR | 


NPN SILICON | 
| NPN SILICON RF POWER TRANSISTOR 
| 


a . MRF838A 
... designed for 12.5 volt UHF large-signal, common-emitter CASE 305-01 
amplifier applications in industrial and commercial FM equipment 


operating in the range of 806-960 MHz. 


@ Specified 12.5 Volt, 870 MHz Characteristics: 
Output Power = 1.0 Watt 
Minimum Gain = 6.5 dB 
Efficiency = 60% Typ 


@ Series Equivalent Large-Signal Characterization 


oun MILLIMETERS 


| MIN [MAX | MIN | MAX | 
| C | 13.97 | 16.26 | 0.550 | 0.640 
0 {1.40 | 1.65 | 0.055 | 0.065 | 
LE | 1.02 | 1.27 | 0.040 | 0.050 _| 


STYLE 1:: 
PIN 1. EMITTER 
2. BASE 


Lo 3, EMITTER uw lator | 0495 | 
4.COLLECTOR § [TT 1.40 | 0.065 | 0.065 
rM | 45°NOM 45¢ NOM 


Ce ee 
[S| 1.40 | 1.65 | 0.056 | 0.086 | 
| T | 1.40-| 1.78 | 0.055 | 0.070 | 
|V | 2.41 | 292 | 0.096 | 0.116 | 


MAXIMUM RATINGS 


Rating Symbol | Value | Unit 
Collector-Emitter Voltage VCEO | 16 Vde 


Collector-Base Voltage 


MRF838 
CASE 305A-01 


Emitter-Base Voltage 
Collector Current — Continuous . 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS. 


Characteristic 


Thermal Resistance, Junction to Case (2) 


| (1) These devices are designed for RF operation. The total device dissipation rating applies | 
only when the devices are operated as RF amplifiers. _ 


| (2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


STYLE 1: 
PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


MOTOROLA RF DEVICE DATA 


3-724 


MRF838, MRF838A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


cre Tito ie [ei 


OFF CHARACTERISTICS ; 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) a, 

Collector-Emitter Breakdown Voltage a V(BR)CES 36. Vde 
(I¢ = 10 mAdc, VpeE = 0) . 


Emitter-Base Breakdown Voltage 
(le = 0.1 mAdc, I¢ = 0) 
Collector Cutoff Current | 
(VcE = 15 Vdc, Vee =0, To= 25°C): 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Voce = 5.0 Vdc). 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ie =0, f=1 O MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 1.0 W, Voc = 12.5 Vde, f = 870 MHz) » 


Collector Efficiency 
(Pout = 1.0 W, Vcc = 12.5 Vdc, f= 870 MHz) 


. FIGURE 1 — 870 MHz TEST CIRCUIT 


C7 RFC | 
© ©) 
Kx = +12. 5 V 
+ 
a C4 C6 
Two Beads a aE Lr — = 
L2 
3. RF Output 
RF Input , 

Ce) . | 

C1 L1< C2 C3 C5 c9 

Bead| | 
C1, C5, C9 — 0.8-8.0 pF Johanson Gigatrim #7291, RFC -- Ferroxcube VK200 20/4B 


C2, C3 — 10 pF ATC Chip Capacitor (Case A) 


On AM Bead — Ferroxcube #56-590-65/3B 
C4 — 1.0 uF 30 V Tantalum Capacitor ‘ 


C6 — 0.1 uF Erie Redcap 100 V 21,22 — 1.2"' X 0.155"' Microstrip 
C7, C8 — 680 oF Feedthru i 23 — 1.05" X 0.155” Microstrip 
C10 — 100 pF Chip Capacitor (100 mil) 24 — 0.5"' X 0.155" Microstrip 


25 — 1.5" 0.155” Microstrip - 
L1,L2— 1 Turn #18 AWG 1/8” Diameter x icrostrip 


L3 ~ #14 AWG 1/2 Turn 0.250” Diameter Board Material — 0.0625” Thick Glass-Teflon, €, = 2.5 


MOTOROLA RF DEVICE DATA 
3-725 


MRF838, MRF838A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
2.0 . | | | 


1.8 | 1.8 


= wm 16 
i - _. 
= < 14 oe 
: 2" Pt 
3 a ee ee 
Ke j 
: Se ee ee 
5 Sop 1 | | | | [ = 
=> 2 
o © 0.6 
2 eo ff} =100 mW 
E 3 fee 
op + | | | tot Pye 
50 75 100 125 150 175 200 226 250 275 300 800 820 840 860 880 900 
; Pi, INPUT POWER (mW) | f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


\ 


| 
= 
__ 
= 


Pout, OUTPUT POWER (WATTS) 


65 75 85 95 105 115 125 135 145 15.5 16.5 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT INPUT IMPEDANCE FIGURE 6 — SERIES EQUIVALENT OUTPUT IMPEDANCE 


tH 17.1 - j22.2 
rt Ht 16.6 - j20.0 
canee 16.1 - {17.4 
Lt TY 


15.9 - j15.0 


oH 


*Zo = Conjugate of the optimum load 
impedance into which the device 
output operates at a given power, 

~. voltage, and frequency. 


MOTOROLA RF DEVICE DATA 
3-726 


MRF&38, MRF&38A 


FIGURE 7 — 870 MHz TEST CIRCUIT 


MRE 838 
WATT 870 MHZ TEST CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


(2.797 


MOTOROLA 


DATA 


TECHNICAL 


3 W 806-360 MHz 


... designed for 12.5 Volt UHF large-signal, common-emitter amplifier applications in RF POWER 

industrial and commercial FM equipment operating in the range of 806-960 MHz. TRANSISTORS 

® Specified 12.5 V 870 MHz Characteristics COMMNVION-EMIT TER 
Output Power = 3 Watts NPN SILICON 


Minimum Gain = 8 dB 

Minimum Efficiency = 55% 
® 100% Tested for Load Mismatch at Rated Input Power and 15.5 V 
® Series Equivalent Large-Signal Characterization 


MAXIMUM RATINGS 


Emitter-Base Voltage | Vepo | 4 | Voc | 


Collector-Current — Continuous 
200 °C 
10 Watts 
111 Wc 


WIAL CoAnmAc!ERISTICS 


Thermal Resistance, Junction to Case . Rac | 9 | cw 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

"Collector Emiter Breakdown Vokage ig = SmAde ig=0 | Wanceo | 16 [| — | — | vee 
"collector EminerSreaidown Vokage ic = Smad, Vee = 01 | Venices | 9 | — | — | vee 
Emitter-Base Breakdown Voltage (Ip = 0.1 mAdc, Ic = 0) | verepo | 4 | — | — | vac | 
Collector Cutoff Current (Vce = 15 Vdc, Vpe = 0, Tc = 25°C) fF = ff 1 |somade | 


ON CHARACTERISTICS 


DC Current Gain (I¢ = 100 mAde, VcE = 5 Vdc) ree | 10 | 9 | 10 | — | 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3 W, Vcc = 12.5 Vde, f = 870 MHz) 


Collector Efficiency (Pout = 3 W, Vcc = 12.5 Vde, f = 870 MHz) 


CASE 305-01 
MRF839 


Operating Junction Temperature 


Total Device Dissipation @ Tc = 110°C 
Derate above 110°C 


CASE 319-04 
MRF839F 


Load Mismatch Stress 
(Vcc = 15.5 Vde, Pin = 0.5 W, f = 8706 Mkz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


MOTOROLA RF DEVICE DATA 


3-728 


C1, C11 — 43 pF ATC, Chip Cap, Case B 

C2, C10 — 0.8-8 Johanson Gigatrim 

C3, C4 — 10 pF Clamped Mica, Mini-Underwood 
C5, C6, C7 — 68 pF Clamped Mica, Mini-Underwood 
C8 — 10 yF, 25 V Tantalum 

C9 — 5 pF Clamped Mica, Mini-Underwood 

B — Bead, Ferroxcube #56-590-65/3B 


L1, L2 — 4 Turns, #18 AWG, 5/32 ID 
L3 —7 Turns, #18 AWG, 5/32 ID 


Z1 —.0.850” x 0.077” Microstrip, Zg = 500 
Z2 — 1.100” x 0.077” Microstrip, Zg = 50 
Z3 — 0.920" x 0.077” Microstrip, Z9 = 50 2 
Z4 — 1.150” x 0.077” Microstrip, Z9 = 500 


Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, er = 2.55 


Figure 1. MRF839 800-880 MHz Broadband Test Circuit 


Figure 2. MRF839 Broadband Test Circuit 


3” 


| NOTE: The Printed Circuit Board shown is 75% of the original. . | 
5” 


02! 


Figure 3. MRF&39 Photomaster 


MOTOROLA RF DEVICE DATA 


3-729 


Vcc 


MRF8&39, MRF839F 
: MRF839 


Pout, CUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 


0 
g00 820 840 860 880 900 920 940 960 
| f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency 


Vec = 12.5.Vde 


wn 
E 
= 
oc 
= 
Sa 65 
= 6 = 
— se 
3 55 
A) 2.0:1 & 
15:1 2 
0 . 0 1.0:1 
6 8 10 12 14 16 800 —- 810 820 830 840 850 860 870 880 
Vec, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
rigure 6, Ouiput Power versus Supply Voltage ; Figure 7. Sroadband Performance 


Ho LpXOucry, 
tH tH pry 8ba 
Crepe tr fA Ee 
oT seceaenier Ly 
FESRY Sekacenee 


_ Pout = 3 Watts, Vcc = 12.5 Vde 


3.1 + j4.0 
28 + j46 
19 + j54 


*ZQ, = Conjugate of the optimum load impedance into 
__ which the device operates at a given output power, volt- 
age, and frequency. 


we SS, 


Figure 8. Series Equivalent Input/Output impedances 


‘MOTOROLA RF DEVICE DATA 


3-730 


MRF839, MRF839F | | 
| _ IMRF839F 


| | 
| | 
| | 

= 


- 7) 
= E ; 
: : —S 
3 5 sow | 
3 3 | 
a. . 
6 8 800 840 88000920 960 
Pin, INPUT POWER (WATTS) = - ~f, FREQUENCY (MHz) 
Figure 9. Output Power versus Input Power Figure 10. Output Power versus Frequency 


as 
| 


Pout, OUTPUT POWER (WATTS) 
The (%) 


~ Pout) OUTPUT POWER (WATTS) 


VSWR 


ALLL 


| 
= 
| 


Hi A 
MELT 


8 10 12 14 16 B40. 860 880 
Vcc, SUPPLY VOLTAGE (VOLTS), : f, FREQUENCY (MHz) 


Figure 11. Output Power versus Supply Voltage - Figure 12. Broadband Performance | 
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Z> = 10 OHMS 4 
xX Lo seen 
Pout = 3WATTSALH 
$ Vec = 12.5 V eeten 
OX OER SOOT 
receseteerenemene 
> 
“ 


0.95 + j2.49 | 7.61 — j6.43 . 


ay, 870 Miz ok oe 1.28 + j3.27 8.00 — j486 |) J. 
oe CX SCA iH i : gl? 
PT Pez 806 MHz LOSS EL} *ZOL = Conjugate of the optimum load impedance into 
seen = which the device operates at a given output power, volt- 

Cha age, and frequency. 


OX O*+ 4 2 
cry OR RSS SH XR Pe 
Figure 13. Series Equivalent Input/Output impedances 


0.93 + j2.27 | 7.14 — j7.76 
, 


MOTOROLA RF DEVICE DATA 


Q_724 


MRF839, MRF839F 


+12.5V 
VRE 
PORT 
50.0 
50 42 : RF 
RF OUTPUT 
INPUT 


Ci — 47 pF Chip Cap (Murata Erie MA20470B) Li, L2 — 4 Turns, #18 Enameled, 5/32” ID 

C3, C4 — 13 pF Mini-Underwood L3, L4 — 12 Turns, #22 Enameled over 10 Ohm, 1/2 W Carbon Resistor 
C5 — 51 pF Chip Cap (ATC 100B510JC500) Z1, Z4 — 50 Ohm Stripline 

C2, C6 — 0.8-8 pF Johanson #7291 Z2 — 32 Ohm Stripline (1/4 A:@ 838 MHz) 

C7, C12 — 10 uF, 35 V Electrolytic Capacitor 23 — 16 Ohm Stripline (1/4 A @ 838 MHz) 

C8, Ci1 — 1000 pF Unelco, J101 Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, e, = 2.55 -— 


“C9, C10 — 91 pF Mini-Underwood 
B — Bead, Ferroxcube #56-590-65/3B 


Figure 14. MRF839F 800-880 MHz Broadband Test Circuit 


Figure 15. MRF839F Broadband Test Circuit 


3” 


| NOTE: The Printed Circuit Board shown is 75% of the scl 
: ; a: : 5” 


Figure 16. MRF839F Photomaster 


MOTOROLA RF DEVICE DATA 


3-732 


MRF839, MRF839F 


J 
sae 8 


SEATING PLANE [=== 


8-32 UNC 2A ah ' 


WRENCH FLAT 


OUTLINE DIMENSIONS 


ha MILLIM [INCHES | 


STYLE 1: 


PIN 1. EMITTER 
2. BASE 
3. EMITTER 
"4 COLLECTOR 


~ 4. POSITIONAL TOLERANCE FOR Q HOLES: 


3. DIM D APPLIES 2 PLACES, 


DIM K APPLIES 2 PLACES, 


DIM Q APPLIES 2 PLACES, 


DIM F APPLIES 4 PLACES. 


4, DIMENSIONS A AND N ARE DATUMS AND 


IS DATUM SURFACE. 


DIMENSION B: . 


| +] 038 (0.15) ®]T] A In @| 


CASE 305-01 


[-+]40.15 (0.006) ®|T]A@[N@] 


2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN X 45°. - 


ETERS 
| MIN | MAX | MIN_| 
| A | 24.51 | 25.02 | 0,965 | 0.985 | 
[| B | 902 | 952 | 
[| c | 584 | 660_| 


0.07 


0.115 | 0.125 
[0.106 | 0.116 
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Hp |o 
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fo] 
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3.18 


STYLE 2: 
PIN 1. EMITTER (COMMON) 
"2. BASE (INPUT) 
3, EMITTER (COMMON) 
4. EMITTER (COMMON) 
5. COLLECTOR (OUTPUT) 
~ 6, EMITTER (COMMON) 


5. DIMENSION B APPLIES TO LEAD FRAME AND Beo.. 
6. POSITIONAL TOLERANCE FOR D TERMINAL AND 


CASE 319-04 


ee og as 
MOTOROLA RF DEVICE DATA 


A "TAY 


MOTOROLA ee 
ee ok a Ss MRF840 


| eee me 


10 W ~ 870 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 


plifier applications in industrial and commercial FM equipment 
Operating in the range of 806-960 MHz. 
@ Specified 12.5 Volt, 870 MHz Characteristics 

Output Power = 10 Watts : 

Minimum Gain = 6.0 dB 

Efficiency = 50% ar 
@ Series Equivalent Large-Signal Characterization 
@ Internally Matched Input for Broadband Operation 2 
@ Tested for Load Mismatch Stress at All Phase Angles with 20:1 

VSWR @ 15.5 Volt Supply and 50% RF Overdrive 


@ Gold Metallized, Emitter Ballasted for Long Life and Resistance © 
to Metal Migration 


| | , 
... designed for 12.5 volt UHF large-signal, common-base am- 
® Silicon Nitride Passivated 


STYLE 1: 
PIN 1. BASE (COMMON) 4. BASE (COMMON) 
2. EMITTER (INPUT) 5. COLLECTOR (QUTPUT) 
3. BASE (COMMON) . 6. BASE (COMMON) 


NOTES: . fo 
1. POSITIONAL TOLERANCE-FOR Q HOLES: 
# 0.15 (0.006) @[T] A @ [Nn @ | 


2, IDENTIFICATION NOTCH 1.0mm (0.04) MIN 


45° 


3. DIM D APPLIES 2 PLACES, 
DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, 

» DIM F APPLIES 4 PLACES. 

4, DIMENSIONS A AND N ARE OATUMS AND 
IS A DATUM SURFACE. 

5. DIMENSION 8 APPLIES TO LEAD FRAME 
AND Beo. 

6. POSITIONAL TOLERANCE FOR D TERMINAL 
AND DIMENSION B: 


N® 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C 
THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case (2) Rec 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. o 


(2) Thermal Resistance is determined under specified RF. operating conditions by infrared 
measurement techniques. 


CASE 319-04 


MOTOROLA RF DEVICE DATA 


3-734 


MRF840 


ELECTRICAL CHARACTERISTICS (Tc = 25% unless otherwise noted) 


eC ee 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage 
plone = 50 mAdc, 'B= = oF 


| V(BRICEO | 


(le = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 
(te = 5.0 mAdc, Ic = 0) 
-| Collector Cutoff Current 
(Veg =.15 Vde, te = 0). 
ON CHARACTERISTICS 
DC Current Gain 1G, 7 

(I¢ = 1.0 Adc, VcE= 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST - 
Common-Base Amplifier Power Gain 
(Pout = 10W, Vec= 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 
(Pour = 10 W, Vee = 12.5 Vde, f = 870 MHz) 

Load Mismatch Stress _ . . . BO Te cise 
(Vcc = 15.5 Vdc, Pin = 3.0 W,* f = 870 MHz, - | mm, et -No Degradation in Output Power 
VSWR = 20:1, all phase angles) a me ee. 


*Pin = 150% of the typical input power requirement for 10 w Output power @ 12.5 ees 


FIGURE 1 — 870 MHz TEST CIRCUIT 


aol ic ce 8 ss ls eA aa ae 


RF RF 
input - aa: - Output 
. ‘ : 
Saad) Ste e = 
C1,C12 — 50 pF, 100 Mil Chip Capacitor = © °° —L1, L6—11 Terns 20 AWG Around 10 2.1/2 W Resistor 
C2,C11 — 15 pF, 20 V Tantalum - L2, L5 — Ferrite Bead 
C3, C10 — 1000 pF, 350 V UNELCO ss * eh, L4 — 4 Turn 20 AWG 0.2" |. 
C4, C9 — 91 pF Mini- ‘Underwood ee Ree T1,T4—Zgp=500 | 
C5 — 15 pF a | _ T2 —Zp=300 l= d/4 @ 838 MHz 
C6 — 15 pF : | T3 —Z9= 13.5 0 f= d/4 @ 838 MHz 
_C7—15 pF | ashi | : 7: t 
C8—15pF - ; L7 — 18 AWG Wire Loop JS\ 0.25" 


MOTOROLA RF DEVICE DATA 
3-735 


MRF840 


FIGURE 2 — OUTPUT POWER versus INPUT POWER " ooo g FIGURE 3 — OUTPUT POWER versus FREQUENCY 
14 | 
SS EE 
, oe ee ae 
Pe ie ae en (a oo 
Se a ae (Ps oon ie ir ee 
2 ae ce ls a i ea ia 
c= | = : i zi “f ea Sa aaa | is or a aes ees, 
Z sot PACs, ees ald 
oO ahecee ee ] al 
sep tt pa ft] Bf} tt 
= y oa. ee 
E | E 
290 ee a la | 
: ie a ae | De 
Sie esi ees ho eeomes, * ph 
ae SS ne He 2 ase aes ae 
Bed SP De ne a ine Fa ie in oe Re 
0. 6.5 1.0 1.5 2.0 2.5 3.0 3.5 800 820 840 860 880 300 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE |: 


Pout, OUTPUT POWER (WATTS) 


60 70 80 90 10 11 12 13 14 15, 16 


Vc, SUPPLY VOLTAGE (Vdc) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Pour = 10W, Veg = 12.5 Vde 


*Zo. = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 


3-736 


MRF840 


FIGURE 6 — 870 MHz TEST CIRCUIT 


MOTOROLA RF. DEVICE DATA 


3-737 


MOTOROLA 


ms SEMICONDUCTOR mw 
TECHNICAL DATA 


MRF841 
MRFS415F 


A aera a a eel eenmeree ares el 


| : : | | | 5W 870 MHz 
... designed primarily for wideband large-signal output and driver stages in the 806-960 RF POWER 
MHz frequency range. - | TRANSISTORS 
© Specified 12.5 Volt, 870 MHz Characteristics @ Pout = 5 W | NPN SILICON 


Common Base Gain = 10 dB (Typ) ~~” 

Efficiency = 65% (Typ) 
Internally Matched Input for Broadband Operation ) 
@ Gold Metallized and Emitter Ballasted for Improved Reliability 
100% Tested for Load Mismatch at Rated Input Power and 15.5 V 


MAXIMUM RATINGS 


Vdc 


MRF841 
CASE 244-04 


1 DNenciann Dieainatinn Gr T 
1 UVCVILS LISOIVGLIVED We ' 


Derate Above 25°C 


Storage Temperature Range Tstg —65 to +150 


THERMAL CHARACTERISTICS : 
.Characteristic MRFS841F 


— CASE 319-04 
Therma! Resistance, Junction to Case ae 


Oo) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Ip = 0) V(BR)CEO | ow | — | = | vac | 
Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Vgg = 0) ViBR)CES | 36 | — | — | vd 
Emitter-Base Breakdown Voltage (IE = 5 mAdc, Ic = 0) V(BR)EBO Poa foe — 


Collector Cutoff Current (VcgE = 15 Vdc, VBE = 0) ICES Po o= | = | 1 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS (f = 870 MHz) | : 
Common-Base Amplifier Power Gain (Vcc = 12.5Vde,Pour=5W) | Grp | 85 | 10 | — | oB | 
Collector Efficiency (Vcc = 12.5 Vdc, Poyt = 5 W) | on = | — | «6 | — | » | 


Load Mismatch yy No Degradation in Output Power 
(Vcc = 15.5 Vdc, Pin = 710 mW, VSWR = 20:1, all Phase Angles) 


MOTOROLA RF DEVICE DATA 


3-738 


MRF841, MRF841F 


C1, C12 — 0.8-8 pF Johanson 7290 Variable . | Li, L2 —4 Turns, #22 AWG Wire, 0.2-inch ID 


C2 — 5 pF Mini-Underwood Mica ‘3 L3 — VK200 Ferroxcube | a 
C3 — 8.2 pF Mini-Underwood Mica will L4,.L5 — Ferrite Bead, Ferroxcube #56-590-65-3B 
C4 — 91 pF Mini-Underwood Mica a 21 — 2.36" x 0.145" Microstrip 33 Ohm Line 

C5, C9 — 680 pF Feedthru | | Z2 — 0.5” x 0.175" Microstrip 28 Ohm Line 

C6 — 0.1 uF Ceramic Z3 — 1.40” x 0.175" Microstrip 28 Ohm Line 

C7, C8 — 10 pF Mini-Underwood Mica 24 — 0.40” x 0.175” Microstrip 28 Ohm Line. _ 
C10 — 1 pF Electrolytic Board = 0.032” Glass Teflon 2 oz. cu clad e, = 2.55 


C11 — 43 pF Mini-Underwood nee 
| MRF841 , 
Figure 1. 800-960 MHz Broadband Power Gain Test Circuit 
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Figure 2. Output Power versus Input Power | | : Figure 3. Output Power versus Frequency 
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Figure 4. Power Out versus Supply Voltage Figure 5. Typical Performance in Broadband Circuit 


- MOTOROLA RF DEVICE DATA 


3-739 


MIRF841, MRF&841F 


Figure 6. MRF841 Broadband Power Gain Test Circuit 


. Figure 7. MRF841 Test Circuit Photomaster 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-740 


MRF841, MRF841F 


Figure 8. MRF841F Broadband Power Gain Test Circuit 


Figure 9. MRF841F Test Circuit Photomaster 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-741 


MRF841, MRF841F 


+ 12.5 Vde 


a — 

SHORTING _ | , 7 | C4 

BAR , | | | ; | . 

| Z | | [ oe a : . | SOCKET 


LsL1,t6 


C1,C10 = 47 pF, 100 Mil ATC oh: = 11 Turns #20 AWG Over 10 © 1/2 W 
C2,C12 = 1 uF, 35 WV Tantalum | = 3 = L2, L5 = Ferrite Bead, Ferroxcube #56-590-65-3B 
C3, C11 = 1000 pF Underwood J101 —e > L3, L4 = 4T #18 AWG, 15” ID 

C4, C9 = 91 pF Mini Underwood . Z1, Z4 = 50 2 Printed Line 

C5 = 12 pF Mini-Underwood ch . _ 22 = 302 Printed Line, A/4 @ 838 MHz 

C6 = 10 pF Mini-Underwood Z3 = 242 Printed Line, A/4 @ 838 MHz 

C7 = 10 pF Mini-Underwood Board = 0.032” Glass Teflon 2 oz. cu clad er = 2.55 


C8 = Johansen Giga Trim 
0.8-8 pF 7290 Variable 


NOTES: C7 and C8 mounted ~ 250 mils 
down Z3 from collector edge of board 


MRF841F 
Figure 10. 800-960 MHz Broadband Power Gain Test Circuit 
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Figure 13. Output Power versus Supply Voltage Figure 14. Typical Performance in Broadband Circuit 


~ MOTOROLA RF DEVICE DATA — 


3-742 


MRF841, MRF841F 


MRF841 | MRF841F 


A 


*ZOL = Conjugate of the optimum load impedance into - 
which the device output operates at a given output power, “ 


voltage, and frequency. xe ; 
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o/? 
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Figure 15. Series Equivalent Input/Output impedances Figure 16. Series Equivalent Input/Output Impedances 


OUTLINE DIMENSIONS 


MRF841 . MRF841F ; 
CASE 244-04 CASE 319-04 NOTES: 


1. POSITIONAL TOLERANCE FOR Q HOLES: 
#| 20.15 (0.006) MT] a @[n @ 
BASE (COMMON) . 2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN 
_ EMITTER (INPUT) X 45°. 
. BASE (COMMON) 3. DIM D APPLIES 2 PLACES, 
STYLE 4: . BASE (COMMON) DIM K APPLIES 2 PLACES, 
PIN 1. BASE _ COLLECTOR (QUTPUT) DIM O APPLIES 2 PLACES, 
2. EMITTER ; BASE (COMMON) DIM F APPLIES 4 PLACES. 
3, BASE 4. DIMENSIONS A AND N ARE DATUMS AND 


4, COLLECTOR IS A DATUM SURFACE. 
5. DIMENSION B APPLIES TO LEAD FRAME 
ANO Beo. 
6. POSITIONAL TOLERANCE FOR D. TERMINAL 
AND DIMENSIGN B: 


[~~ T MILLIMETERS! _ INCHES © [4] 038 10.181 oF] A@In@ ] 


a va ct [MILLIMETERS | INCHES 
B 


pe] . 
ea | 
\ SEATING a c 
_——} 


“| PLANE 
t . 


050 
128 
ae 
[0.745 


MOTOROLA RF DEVICE DATA 


a “TAQ 


MOTOROLA | 
= SEMICONDUCTOR =m 
TECHNICAL DATA 


_ MRF842 


TRANSISTOR 


| 

| 

| 

RFE POWER | 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base 
amplifier applications in industrial and commercial FM equipment 
_ Operating in the range of 806-960 MHz. 


® Spécified 12.5 Volt, 870 MHz Characteristics 
Output Power = 20 Watts — 
Minimum Gain = 6.0 dB 
Efficiency = 50% poy | 
@ Series Equivalent Large-Signal Characterization 
@ Internally Matched Input for Broadband Operation 
¢ 100% Tested for Load Mismatch Stress at All Phase Angles 
with 20:1 VSWR @ 15.5 Volt Supply and 50% RF Overdrive 
@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Silicon Nitride Passivated 


STYLE 1: 
PIN 1. BASE(COMMON} — 4. BASE (COMMON) 
2. EMITTER (INPUT) 5. COLLECTOR (OUTPUT) 
3. BASE (COMMON) ‘6. BASE (COMMON} 


NOTES: 
1. POSITIONAL TOLERANCE FOR Q HOLES: 


90.16 (0.006) @[t| A@[WO] 
2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN 
X 459, - 


MAXIMUM RATINGS. 


Collector-Emitter Voltage | Vceo | 16 | Vdc | 
[eotector Some Vokoge | Vong | 36 wae 
TemiterSase Vaiogs | ven | 40 [ae 


Collector Gurrent — Continuous 


Total Device Dissipation @ T= 25°C (1) 80 | Watts - 
0.64 w/°c 


_Derate Above 25°C 
Storage Temperature Range > ~65 to +1 50 
THERMAL CHARACTERISTICS aie | 

Coat 
Thermal Resistance, Junction to Case (2) 1.5 


3. DIM D APPLIES 2 PLACES, . 
DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, . 
DIM F APPLIES 4 PLACES. 
4. DIMENSIONS A AND N ARE DATUMS AND 
[-7-] Is A DATUM SURFACE. 
5. DIMENSION B APPLIES TO LEAD FRAME 
ANDO Beo. 
6. POSITIONAL TOLERANCE FOR D TERMINAL 
AND DIMENSION B: 


TO) 


_ 
—_ 
[o>] 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


e}o er 
o|-|o 
©|~i|60 
BO] 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. | | kL | 18.42 BSC 0.725 BSC 
PR | 6.72 | 6.12 | 0.225 | 0.241 | 


| @ | 3.78 | 3.43 | 0.125 | 0.135 | 
_ CASE 319-04 


MOTOROLA RF DEVICE DATA 


3-744 | 


MRF842 


ELECTRICAL CHARACTERISTICS (Tc = ze°e unless otherwise noted) 


_ OFF CHARACTERISTICS - 
Collector-Emitter Breakdown Voltage | enero 
(t¢ = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(tc = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg= 15 Vde, IE =0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 20 W, Vcc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 


(Pout = 20 W, Vec = 12.5 Vdc, f = 870 MHz) 

Load Mismatch Stress 
(Voc = 15.5 Vdc, Pj,* = 6.0 W, f = 870 MHz, ac No Degradation in Output Power 
VSWR = 20:1, all phase angles) . 


*Pi, = 150% of the typical input power requirement for 20 W output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT SCHEMATIC 


wee) 


. 


VRE 
Port 
TL1 C1 
ai = 
“7 | | en LJ 
C1, C11 — 51 pF, 100 Mil Chip Capacitor | L1, L4 —11 Turns #20 AWG Over 10 ohm 1/2 W Carbon 7 
C2, C13 — 15 wF, 20 WV Tantalum L2, L3 — 4 Turns #20 AWG, 200 Mil ID 
C3, C12 — 1000 pF. Unelco J101 B — Ferrite Bead, Ferroxcube 56-590-65-3B » 
C4, C10 — 91 pF Mini-Underwood TL1, TL4 — Micro Strip, Zg = 500 | 
C5 — 15 pF Mini-Underwood '  TL2— Micro Strip, Zo = 38.0, A/4 @ 838 MHz 
C6 — 12 pF Mini-Underwood TL3 — Micro Strip, Zo = 240, A/4 @ 838 MHz 
C7, C8 — 21 pF Mini-Underwood Board — 0.032” Glass Teflon 
C9 — 11 pF Mini-Underwood . . ~ 20z. Cu CLAD, e, = 2. 55 


MOTOROLA RF DEVICE DATA 


R-7AR 


MRF842 


FIGURE 3 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 


OUTPUT POWER versus FREQUENCY 


—(SLLYM) H3MOd Lodino 3"°d 


f, FREQUENCY (MHz) 


Pin, INPUT. POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


TCT Tyr iry ry tl ResisTANCE COMPONENT 


‘20 W, Voc = 12.5 Vde 


Pout 


(R 


Conjugate. of the optimum load 


impedance into which the device 


output operates at a given output 
power, voltage, and frequency. 


“ZOL 


MOTOROLA RF DEVICE DATA 


3-746 


MRF842 


aoe 


~ MOTOROLA RF DEVICE DATA 
Q.7A7 — on 


MOTOROLA 
TECHNICAL DATA 


RF Power Transistors 


15 W 806-960 MHz 


... designed for 12.5 Volt UHF large-signal, common-base applications in industrial and __ RE POWER 
commercial FM equipment operating in the range of 806-960 MHz. ~ TRANSISTORS 
® Specified 12.5 Voit, 8/0 MHz Characteristics . COMMON BASE 


Output Power = 15 Watts  —s—> : (gl ih BEE NPN SILICON 
Minimum Gain = 7 dB © 3 
Efficiency = 55% : . 
® Internally Matched Input for Broadband Operation | 
® Gold Metallized and Emitter Ballasted for Long Life | 
®@ 100% Tested for Load Mismatch at 2 dB Overdrive and 15.5:-V_ 


MAXIMUM RATINGS | é. : G3 ES 
Collector-Emitter Voltage oe . | _VcEO | 16 | de | 
Collector-Base Voltage | es | VcBo | 36 | de 

200 


—  Vde | 
~Vde 
ec 
[caesar Sune Coninuow |e | # | ae 
TJ 


Operating Junction Temperature j 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


| Storage Temperature Range 
THERMAL CHARACTERISTICS . 


; i MRF843F 
Thermal Resistance, Junction to Case Rejc ae C/W 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Ig = 0) V(BR)CEO 


Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Veg = 0) V(BR)CES i ee ee Vdc 


Emitter-Base Breakdown Voltage (Ie = 5 mAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 15 Vdc, Vag = 0, Tc = 25°C) les | — | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1 Ade, Veg = 5 Vdc) he | 1 | — | wo | — | 


DYNAMIC CHARACTERISTICS | : 
Output Capacitance (Vp = 18 Vdo, Ie = 0,f = 1 MH cob | ~ | 3 [| 4 | mF | 
FUNCTIONAL TESTS 


Common Base Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 15 W, f = 870 MHz) 


Collector Efficiency (Vcc = 12.5 Vdc, Poyt = 15 W, f = 870 MHz) : 


Load Mismatch Stress. Rie Hearadatonsa 
(Pin = 2 dB Overdrive, Vcc = 15.5 V, f = 870 MHz, VSWR = 20:1 ou can ae 
@ Ail Phase Angles) . P 


MOTOROLA RF DEVICE DATA 


3-748 


MRF8&43, MRF843F 


RF OUTPUT 


S | 
INPUT “XG RL = 500HMS 


Ci — 39 pF ATC 100 Mil Ceramic Chip L2 — 4 Turns 0.20” ID #24 AWG 

C2, C7 — 0.8-8 pF Johanson Gigatrim (7290) L3— 10 Turns on 10 Ohm 1% W Resistor. 

C3, C4 — 8 pF Mini Underwood Mica Z1 — 0.100” x 0.525” Microstrip TX Line 

C5, C6 — 10 pF Mini Underwood Mica Z2 — 0.100” x 1.80 36 Ohm Microstrip TX Line 

C8 — 68 pF Mini Underwood Mica _ 23 — 0.200” x 1.90” 30 Ohm Microstrip TX Line 

C9— 1000 pF Unelco Z4 — 0.150” x 0.450” Microstrip TX Line 

C10 — 10 uF Electrolytic B — Bead, Ferroxcube #56-590-65/3B 

C11 — 33 pF Mini Underwood Mica Board Material — 0.032” Glass Teflon 2 oz. Copper Clad €r = 2. 55 


L1 — 4 Turns 0.10” ID #24 AWG 
Figure 1. MRF843 800-900 MHz Broadband Test Fixture 


Figure 2. MRF843 800-900 MHz Test Circuit 


| Figure 3. MRF&43 Photomaster i 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


32-749 


MRF843, MRF843F 


MRF843 


iio a es 
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nm. | a 
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area _ 
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16 bt} } pt © 
KE 7 Ge S60 MH 5 
say a= TI 
ae 7 
ac f Vec = 12.5 Vde o- 
4 | “a 
ae 
2 2.5 3 3.5 


| : 
0 05. 1 15 : 4 45 5 6 8 0 | 
Pin, INPUT POWER (WATTS) | |  Vec, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Input Power Figure 5. Output Power versus Supply Voltage 


Pout, OUTPUT POWER (WATTS) 
Me» COLLECTOR EFFICIENCY 


Pout: OUTPUT POWER (WATTS) | 


800 820 840 860 880 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 6. Output Power versus Frequency Figure 7. Typical Performance in Broadband 
- Test Fixture 


NOTE: Circuit tuning and input power adjusted to maintain 
output power of 15 W and 65% efficiency. 
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*ZOL = Conjugate of the optimum load impedance into which 
the device output operates at a given output power, 
voltage, and frequency. ~ 


Figure 8. Series Equivalent Input and Output Impedance 


MOTOROLA RF DEVICE DATA 


3-750 


MRF843, MRF843F 


MRF843F 


25 


. 
806 MHz. 


20 


nN 
oS 


960 MHz_ 


Pout, OUTPUT POWER (WATTS) 


0 1 2 Pe eas oe 4 5 6 2° sa 48 10. 12 14 16 
Pin, INPUT POWER (WATTS) | Vcc, SUPPLY VOLTAGE (VOLTS) | 
Figure 9. Output Power versus Input Power Figure 10. Output Power versus Supply Voltage 
25, — ~—7 | 
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f FREQUENCY (MHz) pha a eo : _f, FREQUENCY (MHz) 

Figure 11. Output Power versus Frequency . . | Figure 12. Typical Performance in Broadband 
a ea ~- Test Fixture 
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NOTE: Circuit tuning and input power adjusted to maintain | 


ie : 
Seen output power of 15 W and 65% efficiency. 
tt HY : = ae : : : : 
tt ous Ya ZOL = Conjugate of the optimum load impedance into which 


the device output operates at a given output power, 
voltage, and frequency. 
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Figure 13. Series Equivalent input and Output Impedance 


MOTOROLA RF DEVICE DATA 


3-751 


MRF843, MRFS43F 


SHORTING 
PLUG 


Li 
VRE ere: 
PORT eee SOCKET SOCKET 
& & ts 1 & lf. penn Pp sSaore as a 


a on oL 


ne 7i eee 4 


td id 


i CA { | | 7; ae C14 
| | | 4 

Cis | | | 11 Ci2 
: Fo} sje] os} et 

pratt — | — _ —_ = aE 

[ee nae beh 

C1 — 0.6—4.5 pF Johansen Gigatrim (7270) L1, L4— 11 Turns #20 AWG over 100 HM % W Resistor 
C2, C16 — 1 uF, 35 WV Tantalum . L2,L3— 4 Turns #18 AWG, 0.15” ID 

C3, C15 — 1000 pF Underwood Mica J101 B1, B2 — Ferrite Bead, Ferroxcube 56-590-65-3B 

C4, C14 — 47 pF 100 Mil ATC Z1, Z4 — 50 Ohm Microstrip 

C5, C13 — 91 pF Mini-Underwood Mica Z2 — 36 Ohm Microsirip 4/4 @ 838 Miz 

C6, CiZ — 0.8-8 pF Johansen Gigairim (7250) Z3 — 32 Ohm Microstrip 4/4 @ 838 MHz 

C7, C8 — 8 pF Mini-Underwood Mica « Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, e- 


C9, C10 — 15 pF Mini-Underwood Mica 
C11 — 10 pF Mini-Underwood Mica 


Figure 14. MRF843F 800-900 MHz Broadband Test Circuit 


ae 0.8" — 


a eee ar cere ae 
Figure 16. MRF&43F Photomaster 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-752 


2.55 


+ 12.5 Vde 


——< GND 


= STYLE 4: 


PIN 1, BASE 3. BASE 


2. EMITTER 4. COLLECTOR 


MILLIMETERS INCHES 


DIM | MIN [| MAX | MIN | MAX 
| A [| 706 {| 726 | 0.278 | 0.286 
B | 620 | 650 | 0244 | 0.256 
1 ¢ | 1499 | 1651 | 0590 | 0.650 
Dp | 546 | 596 | 0.215 | 0.235 
[ — | 140 | 165 | 0.055 | 0.085 
F [152 | — | 006 | — 
[ey {| oos | 0.17 [0.003 | 0.007 


0.435 


CASE 244-04 


NOTES: 
1, 


G Ro 


po 


POSITIONAL TOLERANCE FOR Q HOLES: 


[+] 60.15 (0.0068) ®] tla @[n @ 
. IDENTIFICATION NOTCH 1.0mm (0.04) MINX 45°, STYLE 1: 
DIM D APPLIES 2 PLACES, PIN 1. BASE (COMMON) 
DIM K APPLIES 2 PLACES, _ 2. EMITTER (INPUT) 
DIM Q APPLIES 2 PLACES, 3. BASE (COMMON) 
DIM F APPLIES 4 PLACES. 4. BASE (COMMON) 
_ DIMENSIONS A AND N ARE DATUMS AND- 5, COLLECTOR (OUTPUT] 
\S DATUM SURFACE. , 6. BASE (COMMON) 


5. DIMENSION B APPLIES TO LEAD FRAME AND Beo. 


oO 


. POSITIONAL TOLERANCE FOR D TERMINAL AND 


DIMENSION 8: 
[+] 038 0.15 © [TTA @[n @] 


a 


| MILLIMETERS | INCHES 
DIM | MIN | MAX | MIN | MAX | 


A | 2451 | 2502 | 0.965 | 0.985 
[ B | 902 | 952 | 0355 | 0375 
ct [ 584 [. 0 | 


CASE 319-04 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
SEMICONDUCTOR saa 
TECHNICAL DATA — 


MRFS44 


RF POWER 
TRANSISTOR 


| NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base am- 
plifier applications in industrial and commercial FM equipment 
operating in the range of 806-960 MHz. 


@ Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 30 Watts 
Minimum Gain = 5.2 dB 
Efficiency = 50% 


@ Series Equivalent Large-Signal Characterization 


® Internally Matched Input for Broadband Operation 


® Tested for Load Mismatch Stress at All Phase Angles with 20:1 
e F 


VSWR @ High Line and RF Overdrive 


@ Gold Metallized, Emitter Ballasted for Long Life and Resistance 
to Meta! Migration 


Silicon Nitride Passivated 


STYLE 1: 
PIN 1, BASE (COMMON) 4. BASE (COMMON) 
2. EMITTER (INPUT) 5. COLLECTOR (OUTPUT) 
3. BASE (COMMON) 6. BASE (COMMON) 
NOTES: 
1. POSITIONAL TOLERANCE FOR Q HOLES: 
[+] 0.15 (0.006) @ [Tt] A @ IN @ | 
2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN 
X 45°. 
3. DIM D APPLIES 2 PLACES, 
DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, 
DIM F APPLIES 4 PLACES. 
4. DIMENSIONS A AND N ARE DATUMS AND 
~ . EE-]IS A.DATUM SURFACE. 
5. DIMENSION B APPLIES TO LEAD FRAME 
AND Beo. . 
6. POSITIONAL TOLERANCE FOR D TERMINAL 
AND DIMENSION B: 


[+] 0.38 (0.15) @]T] A@INn @ | 


MAXIMUM RATINGS 


Coliector Current — Continuous 


| Total Device Dissipation @ Tce = 25°C (1) 
Derate Above 25°C 


MILL 
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= 
; 
> 
x 


oO = w 

= —_ an 

an on a 
ca wie 
~~] 00 ~~1| 00 
alan anyon 


METER 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
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(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 
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CASE 319-04 


MOTOROLA RF DEVICE DATA 


3-754 


MRF844 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 
Collector. Cutoff Current 
(Veg = 15 Vde, te = 0) 
ON CHARACTERISTICS — 


DC Current Gain 
(ic = 2.0 Adc, Vcg = 5.0 Vde) © 


DYNAMIC CHARACTERISTICS 


| Output Capacitance 
(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


| Common-Base Amplifier Power Gain 
(Pout = 30 W, Vcc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 12.5 Vde, f = 870 MHz) 


| Load Mismatch Stress — 
(Vcc = 15.5 Vde, Pin = 12 W*, f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) . eat 


*Pin = 150% of the typical input power requirement for 30 W output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT 


Shorting 
Plug 


r 
| | 
| | 
U | 
| | 
{ | 
| J 
RF \ | RF 
| Input I I Output | 
i : C8 T3 T4 | 
‘| ' . 
Re ae ak =o 
enor | ipa) =e 
C1, C12 — 50 pF, 100 Mil Chip Capacitor ~ £1,L6—.11 Turns 20 AWG Around 10 0 1/2 W Resistor — 
'. C2, C11 aa 15 uF, 20 V Tantalum . : _ L2,L5 — Ferrite Bead , 
C3, C10 — 1000 pF, 350 V UNELCO ~ a 13, L4 — 4 Turn 20 AWG 0.2” 1.D. 
C4, C9 — 91 pF Mini-Underwood =~  - T1,T4—2g= 500 
—_.C5 — 15 pF Mini-Underwood q ; T2 —Zg = 38 0 = 4/4 @ 838 MHz 
c6 — 15 pF Mini: Underwood ~ el - T3—29= 260 P=y/4 @ 838 MHz 


C7 — 18 pF Mini-Underwood 
C8 — 24 pF Mini-Underwood 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pout QUTFUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


P;,, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE - FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout QUTPUT POWER (WATTS) 


al TH 
BESSEED 
Sanaa 


a a ee a 
6.0 8.0 10 12 14 16 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — 870 MHz TEST CIRCUIT 


Pin = 7.5 W, Poyt = 30 W, Veg = 12.5 Vde 


; f | Zn | Zou 
MHz _ Ohms | Ohms — 


800 1.4 + j2.3 
1.3+j2.4 
1.25 + j2.6 
1.2 +527 


“Zo. = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 
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MOTOROLA 


m@ SEMICONDUCTOR 
TECHNICAL DATA 


40 W-870 MHz 
RF POWER 


TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base am- 
_ plifier applications in industrial and commercial FM equipment | 
operating in the range of 806-960 MHz. 
® Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 40 Watts 
Minimum Gain = 4.3 dB 
Efficiency = 50% 
Series Equivalent Large-Signal Characterization 
Internally Matched Input for Broadband Operation 


Tested for Load Mismatch Stress at All Phase Angles with 10:1 
VSWR @ High Line and RF Overdrive 


Gold Metallized, Emitter Ballasted for Long Life and Resistance 
to Metal Migration 


Silicon Nitride Passivated 


STYLE 1: 
PIN 1. BASE (COMMON) 

. EMITTER (INPUT) 

. BASE (COMMON) 

. BASE (COMMON) 

. COLLECTOR (QUTPUT) 

. BASE (COMMON) 


Om Wh 


NOTES: 

1. HOLES WITHIN 0.15 mm (0.006) 
TRUE POSITION TO EACH 
OTHER AT MAXIMUM 
MATERIAL CONDITION. 
IDENTIFICATION NOTCH 
1.0 mm (0.04) MIN x 459, 
3. DIM D APPLIES 2 PLACES, 

DIM K APPLIES 2 PLACES, 

DIM O APPLIES 2 PLACES, 

DIM F APPLIES 4 PLACES. 


MAXIMUM RATINGS 


[Rating ———~S«d;CSC*Symbol_—«|—CValuo—* 
| Collector-Emitter Voltage VcCEO PIB ol 
| Collector-Base Voitage VcBO | 36 


Value 


Vdc 
Vde 
Vide 
Adc 


S 


| Emitter-Base Voltage ee 


Collector Current — Continuous 
| Total Device Dissipation @ Tc = 25° ; [eee Sie eee 
_Derate Above 25°C _ | | 086 . w/°c 

THERMAL CHARACTERISTICS | eee 
[Characteristic [| Symbol_[ Max | um | 


C (1) 


(1) These devices are designed for RF operation. The total device dissipation rating applies | 
only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 
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ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


y Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 16 Za _ Vde 
| (i¢ = 50 mAdc, 1p =0) _ 
| Coliector-E mitter Breakdown Voltage ViBR)JCES j | 36 aa a Vde 
(ig = SO mAdc, Vge_ = 0) | 
j are Base Breakdown Voltage. - ViBRIEBO 4.0 H Vde 


E = 10 mAdc,!c fa= 0) 
ae Cutoff Current 
(Veg = 15 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain 


lic = =? Oo Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance - 


(Vcp = 12.5 Vac, le = 0, f = 1.0 MHz) 

FUNCTIONAL TEST . 

Common-Base Amplifier Power Gain 
(Pout = 40 W, Vcc = 12.5 Vde, f = 870 MHz) 

Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vdc, f = 870 MHz) 

Load Mismatch Stress . 
(Vcc = 15.5 Vde, Pj, = 15 W,.f = 870 MHz, © No Degradation in Output Power 
VSWR = 10:1, all phase angles) ~ 


*Pin = 125% of the typical input power requirement for 40 W output power @ 12.5 Vdc. 


FIGURE 1 — 870 MHz TEST CIRCUIT SCHEMATIC 


C1 — 43 pF, 100 Mil Chip Capacitor L1, L2 — 4 Turns #18 Enameled; 200 Mil ID 


C2 — 12 pF Mini-Unelco L3, ‘L4 — 15 Turns #24 Enameled Over 12 ohm Carbon Resistor 
C3 — 15 pF Mini-Unelco B — Ferrite Bead; Ferroxcube 56-590-65-3B 

C4 — 21 pF Mini-Unelco TL1, TL4 — Micro Strip; 50 0 

C5 — 18 pF Mini-Unelco . TL2 — Micro Strip; Zg = 34.0, A/4 @ 838 MHz 

C6 — 0.8-8.0 pF Johanson Gigatrim ‘TL3 — Micro Strip; Zg = 300, AA @ 838 MHz 

C7 — 47 pF, 100 Mil Chip Capacitor = Board — 0.032” Glass Teflon © 


C8 — 10 uF, 25 WV 2 oz. Cu CLAD, e = 2.55 
C9, C12 — 1000 pF Unelco J101 a 
C10, C11 — 91 pF Mini-Unelco 

C13 — 25 pF, 25 WV 
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OUTPUT POWER versus FREQUENCY 


FIGURE 3 — 


OUTPUT POWER versus INPUT POWER 


FIGURE 2 


(SLIVM) H3MOd LNdino 78g 


: 870 MHz 


(SLLVM) H3MOd LNdino 7d 


MHz) 


ear aia 


f 


INPUT POWER (WATTS) 


OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 - 


16 


at 


12 


CETTE 


(SLLVM) HAMOd LNdLNO 2%q 


14 


Vec, SUPPLY VOLTAGE (VO LTS) 


FIGURE 5 — 870 MHz TEST CIRCUIT 
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FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCES 


Vee = 12.5 Vde, Pi, = 12W 
f Zin 


1.1+j4.8 
1.0 + j4.9 
1.0 + j5.0 
0.9+)5.1 


LNSNODWOD SONVISIS3Y| 


FIGURE 7 — SERIES EQUIVALENT OUTPUT IMPEDANCES 


am mld 


1.2 + j2.4 
1.15 + 2.5 
. 1.14 j2.7 
ans . : 900 a 1.1 cs 
42 HH NOON. , Zo. = Conjugate of the optimum load 
Hw SeEeueus __ impedance into which the device 
H g PE - Qutput operates at a givenoutput 
H zZ PAEsse power, voltage, and frequency. 
a 
ae 
Stat 
in PH E 
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MOTOROLA 
SEMICONDUCTOR mam 
TECHNICAL DATA 


MRF848—— 


Advance Information cy 
——— 60 W "800-960 MHz i 
The RF Line | 

RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | 
| NPN SILICON 


. designed for 12.5 Volt UHF large-signal, common base am- 
plifier applications in industrial and commercial FM equipment 
operating in the range of 804-960 MHz. 


@® Motorola Advanced Amplifier Concept Package 
® Specified 12.5 Volt, 870 MHz Characteristics 
Output Power = 60 Watts 
Minimum Gain = 4.0 dB 
Efficiency = 60% 
Double Input/Output Matched for Wideband Performance and 
Simplified External Matching 
Series Equivalent Large-Signal Characterization 
Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration ~ 


Silicon Nitride Passivated 


MAXIMUM RATINGS 


Rating | Symbol "Unit i 

Collector- Emitter Voltage VCEO - Vde a ea eee 
i | NOTES: 2 

Collector-Base Voltage VCBO _Vde> "DIMENSIONS A AND B ARE DATUMS ANDTISA 


— 


: > » . DATUM PLANE. esis 
piel Base: Velteg2 VEBO £0 cen 2, POSITIONAL TOLERANCE FORQHOLES: = = STYLE 1: 
Collector-Current — Continuous Ic 14 | | Ade $] 6.13 (0.005) @ [A@[B@] _ PIN.1. BASE 


_ DIMENSION -D- FOUR PLACES. . oe EMITTER 
DIMENSION -F- TWO PLACES... : _ . 3, BASE 


Total Device Dissipation @ Ta = 25°C 
. DIMENSIONING AND TOLERANCINGPER  .—s..:s«4. BASE 


Derate above 25°C 


ss 
oS 
es 
OG 
<3 
OB 
= Ww 


on 


Y14.5M, 1982. 5, COLLECTOR 
Storage Temperature Range —65 to +150 =C . CONTROLLING DIMENSION: INCH. 6. BASE 


THERMAL CHARACTERISTICS 


Characteristic 


| Paige 
[e686 | 7.361 0.270 | 

a a) Te 

| E | 242 | 


Thermal Resistance, Junction to Case 


CASE 333A 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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eciel Lach CHARACTERISTICS (Tc =:25°C unless otherwise noted.) 


- Characteristic 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage | V(BR)CEO 
| (Ic = 50 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage | V(BR)CES | 
(lc = 50 mAdc, Vaz = 0) — 


Emitter-Base Breakdown Voltage V(BR)EBO | | 


(le = 5.0 mAde, Ic = 0) i , | 


Collector Cutoff Current ICES 10 mAdc 
(VcE = 15 Vdc, Vee = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain 


(I¢ = 2.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance . 


(VcB = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 

(Vcc = 12.5 Vde, Pout = 60 W, f = 870 MHz) 
Collector Efficiency 

(Vcc = 12.5 Vdc, Pout = 60 W, f = 870 MHz) 


Output Mismatch Stress | | ee Ree eee 
(Vcc = 15.5 Vde, Pin = 24 W, f = 870 Mhz, a a ie tne 
VSWR = 10:1, all phase angles) eal 


FIGURE 1 — 800-870 MHz BROADBAND TEST CIRCUIT 


39 pF, 100 Mil Chip Capacitor -  TL1, TL4 — 50 Ohm Microstrip 

91 pF, Mini Underwood TL2 — 17.4 Ohm, 6=85° Microstrip @ 870 MHz 
1000. pF, 350 V Uneico TL3 — 15.9 Ohm, 6=70° Microstrip @ 870 MHz 
10 »F, 35 V Tantulum TL5, TL6 — 140 x 200 Mils 

4 Turns #26 AWG Choke Board Material Epsilam-10 50 Mil 

11 Turns #20 AWG Choke on 10 Ohm Resistor 

Bead, Ferroxcube 56-390-65/38 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


80 80 
E 60 60 
w 7 
S 40 S 40 
5. > 
5 =" 
i=) oO 
3 0 32 
zi "60 Oi 10 12 
Voc, SUPPLY VOLTAGE (VOLTS) 
FIGURE 4 = OUTPUT POWER versus FREQUENCY FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE 
- eats fd T 5.0 (ee ee eee a eee ee aan 
| ek ee ee ee 
: 7 oe ee eee 4} fe 
E ra ee Ds ee 
= 2 ee ee 
: Sp bs oe es 
5 oy a es a a ee ee 
= | ge ee ee ee ee = 
: ee Os OC 
, Ces CE ii OR ioe eee ees eel 
ee A a (A 
800 820 840 860 880 900 800 820 840 860 880 900 


f, FREQUENCY (MHz) . . f, FREQUENCY (MHz) 


FIGURE.6 — INPUT/OUTPUT IMPEDANCE 
Pout = 60 Watts, Vcc = 12.5 Vde 


othe | eRe 
Ohms 
716 +ie2 | 45 +48 
rar + jo | sab + j50_ 
are + jo17 | 675151] 
P90 | 25 +1606 | 102+ ja0 


~ *ZOL = Conjugate of optimum load impedance inte 
which the device operates at a given output power, 
voltage and frequency. 
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MOTOROLA — 
SEMICONDUC 
TECHNICAL DATA ! 


stor 


Power Trans! 


15 W 806-960 MHz 


... designed for 12.5 Volt UHF large-signal, common-emitter applications in industrial RF POWER 
and commercial FM equipment operating in the range of 806-960 MHz. TRANSISTOR 
COMMON-EMITTER 


® Specitied 12.5 Voit, 870 iWHz Characteristics 
Output Power = 15 Watts 
Minimum Gain = 7 dB 
Efficiency = 60% 
® internally Matched Input for Broadband Operation 
@ Series Equivalent Large-Signal Characterization 
@ Capable of withstanding 20:1 VSWR Load Mismatch at Rated Input Power and 
15.5 Vde 
@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 
@ Silicon Nitride Passivated 


NPN SILICON 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Emitter Voltage | . VCES 38 Vdc 
Emitter-Base Voltage | 
Collector-Current — Continuous Adc 


Operating Junction Temperature 


3 Ty 200 aC | 
Total Device Dissipation @ Ta = 25°C | Pp 4A Watts 
Derate above 25°C 0.25 W/°C 
Storage Temperature Range —65 to +150 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) . 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 20 mAdc, IB = 0) ViBR)CEO 


Collector-Emitter Breakdown Voltage (Ic = 20 mAdc, Vpg = 0) ViBR)CES 38 
V(BR)EBO 
Collector Cutoff Current (VceE = 15 Vdc, Veg = 0, Tc = 25°C) 


cae 
ON CHARACTERISTICS 


DC Current Gain (Ic = 1 Adc, VcgE = 5 Vdc) hFE 40 — 200 — 


Emitter-Base Breakdown Voltage (l_ = 5 mAdc, Ic = 0) 


DYNAMIC CHARACTERISTICS 


(1) These devices are designed for RF operation. The total device dissipation rating applies only when the devices (continued) 


are operated as RF amplifiers. 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


FUNCTIONAL TESTS © 


Common-Emitter Amplifier Power Gain (Broadband) 
(Vec = 12.5 Vde, Pout = 15 W, f = 870 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 15 W, f = 870 MHz) 


Load Mismatch Stress 
(Vcc = 15.5 Vdc, f = 870 Mz, Pin = 3 W, 
VSWR = 20:1, all phase angles) 


No degradation in 
output power 


| a | | i] 
SHORTING jt eae te 7 C5 = 


PLUG AVpe PORT | 


Ker a a 


Te C8 oa 
is ea oe OO aera Jy 8. 
C1, C15 — 10 uF, 25 V Tantalum L1 — 13 Turn #20 AWG Around 10 © 1/2 W Resistor 
C2, C14 — 1000 pF, 350 V Unelco ; L2, L5 — Ferroxcube Bead #56-590-65-3B 
C3, C12 — 43 pF, 100 Mil ATC Chip Capacitor L3, L¢— 4 Turns #20 AWG Choke ID 0.2” 
C5, C13 — 91 pF, Mini-Unelco . L6 — 6 Turns #20 AWG Choke ID 0.2.” 
C4, C11 — 0.8-8 pF Johansen Gigatrim 7290 Variable Z1, 24 — 50 Ohm Microstrip 


C6 — 16 pF Mini-Underwood u . Z2 — 36 Ohm Microstrip 4/4 @ 838 MHz 
C7, C8, C9 — 12 pF Mini-Underwood : Z3 — 26 Ohm Microstrip.A/4 @ 838 MHz 


C10 — 10 pF Mini-Underwood Board Material — 0.032” Glass Teflon 2 oz. Copper Clad er = 2.55 
NOTE: C11 = 0.4” down Z3 from socket edge. _ 


Figure 1. 806-900 MHz Broadband Test Fixture 


26 . ee Cee 

FE FRESE 
w 22 w 20 — 
ae Be “gat be a on oe 
a glia ai a 
7 a = 
Saco’ 2 
a. 
2 ae? a =i ae a Se el 
or eee Ze ce | co (ea (idee (EE POD [eee apes Fe ee 
ae ee i (eS a ane 

i Ae oe a ee peal} 

1 2 4 Ds 2 800 840 880 920 960 
~ Pin, INPUT POWER (WATTS) —— cee f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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=i 
for) 


Pout, OUTPUT PCWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


VSWR 7, COLLECTOR EFFICIENCY . 


840 
Vec, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Typical Performance in Broadband 
Test Fixture 


Figure 7. Photomaster 
NOTE: The Printed Circuit Board shown is 75% of the original. 
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MKS ee es 
Lag SES SSSR EEE 


2.93 ~ j1.39 
2.92 — j0.81 


ad, LE 960 Aa = 0.22 1 
i a NOTE: Circuit tuning and input power? 

zs-—{_ adjusted to maintain output power of 15 W £3 
- fC 25 Vd For 


. *Zo, = Conjugate of the optimum load 


Ty 


By 


aol 


om 


a 


ae 


CNet int (eae oe impedance into which the device 
A SM ee \ site operates at a given output ea 
(@ 800 MHz Peete a = oa 


pow 


SRY 
Cea, 


er, voltage, and frequency. 


Xx 


S33 


a 
SER : 
aera 


EN NY 


Figure 8. Series Equivalent Input/Output Impedances 


OUTLINE DIMENSIONS 


NOTES: . m4 ; MILLIMETERS | 
1. POSITIONAL TOLERANCE FOR Q HOLES: 
+ 0.15 (0.006) M| TIA @M|N @ 
2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN X 45°. 
3. DIM D-APPLIES 2 PLACES, 
DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, 
DIM F APPLIES 4 PLACES. 
4. DIMENSIONS A AND N ARE DATUMS AND 
ISDATUM SURFACE. Ow st 
5, DIMENSION B-APPLIES TO LEAD FRAME AND Beo. 
6. POSITIONAL TOLERANCE FOR D TERMINAL AND 
DIMENSION B: 


+| 0.38 (0.15) @[t[a @[n @] 


STYLE 2: : 
PIN 1. EMITTER (COMMON) 4. EMITTER (COMMON) 
2. BASE (INPUT) 5. COLLECTOR (OUTPUT) 
CASE 319-04 3. EMITTER (COMMON) 6. EMITTER (COMMON) 
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MOTOROLA 


SEMICONDUCTOR es 
TECHNICAL DATA 


MRF890 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | 


{ 
2.0W 9300 MHz 
i 


_ NPN SILICON 


.. designed for 24 volt UHF large- signal, common-emitter amplifier 
applications in industrial and commercial FM equipment operating 
in the range of 804 - 960 MHz. 


@ Specified 24 Volt, 900 MHz Characteristics 
Output Power = 2.0 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 55% 
@ Series Equivalent Large-Signal Characterization 
@ Capable of 30:1 VSWR Load Mismaten at Rated a Rowers 
and Supply Voltage 
@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


@ Silicon Nitride Passivated 


MAXIMUM BATINGS 


Collector-Emitter Voltage VCEO oe ee 
VoB0 } fe 


SEATING PLANE = 


WRENCH FLAT TT 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


[MILLIMETERS] INCHES _| 
P min [MAX | MIN | MAX | 
| 5.59 | 0.200 | 0.220 | 


Collector Current — - Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C mW/°C 


THERMAL CHARACTERISTICS 
ee 


(1) These devices are designed for RF operation. The total device dissipation rating applies only 
when the devices are operated as RF amplifiers. 


ad 
o 
oo 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


N 
~ 
© 
Wl —- —_ 
coms Ro 
= 1/00 ~ 


CASE 305-01 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


canes pees a Me ee 


Bi OS Be el 
Rs LA Met Ge a 
Bard Cait Ml Bll 
Hh Mi al Fo ok 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Veg = O) 


Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vp = 30 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ig = 0, f = 1.0 MHz) © 


FUNCTIONAL TEST _ 


Common-Emitter Amplifier Power Gain 
(Pout = 2-0 W, Vcc = 24 Vdc, f = 900 MHz) 


| Collector Efficiency . 
(Pout = 2-0 W, Vcc = 24 Vde, f = 900 MHz) 


ous, oe De C5 C6 ~ome 2 anes 
| 
— Aolice ot t+4,#— + 
C375 mR ca”COL , L6 aes Voc = 24V 
at T of 
7 13 L5 
L4 | Z3 | 25 RE 
RF Input aes = 
Cc C7 
C1 


“C1, C7 — Johanson 0.5 - 4.0 pF Giga-Trim 
C2, C5, C6 — 91 pF Mini Underwood Mica 
C3, C9 — 1.0 pF Electrolytic 
C4, C8 — 250 pF Unelco , 
C10 — 39 pF Mini Underwood | : 
L1, L7 — 10 Turns Around 10 9 1/2 W Resistor : | ; 
L2,L3, L6 — Ferrite Bead 
L4,L5 — 4 Turns 26 AWG 0.1” ID 
Z1, 22, 23, Z4, Z5, Z6 — Distributed Microstrip Elements (see photomask) 
Board Material — Glass Teflon e, = 2.55 t = 0.031” | 


MOTOROLA. RF DEVICE DATA 


3-769 


MRF&90 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


= ral . — 
: es 
a AZ| ee Seo ak 
=r ae 67/4 (ele a F797 10 ae 
0.5 | | 0 , 
0 100 200 300 400 18 20 22 24 26 28 
Pin. INPUT POWER (mW) Vcc, SUPPLY VOLTAGE (V) | 
FIGURE 5 — TYPICAL PERFORMANCE IN 


FIGURE 4 — OUTPUT POWER versus FREQUENCY . BROADBAND CIRCUIT 
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' ata given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 


3-770 


MRF890 : 


FIGURE 8 — PHOTOMASTER FOR TEST FIXTURE 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — 850-900 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


3-771 


MOTOROLA 
| SEMICONDUCTOR sa 
TECHNICAL DATA 


MRFS891 


TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 24 volt UHF large-signal, common-emitter am- 
plifier applications in industrial and commercial FM equipment 
operating in the range of 800-960 MHz. ° 


@ Specified 24 Volt, 900 MHz Characteristics 
Output Power = 5.0 Watts 
Minimum Gain = 9.0 dB © 
Efficiency = 50% . 
® Series Equivalent Large-Signal Characterization . 
e Capable of withstanding 20:1 VSWR Load Mismatch at Rated © 
Output Power and Supply Voltage 
@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration ne 


® Silicon Nitride Passivated 


< 
ol |e 


| oO UI | Na 
eee 


he A + 


MAXIMUM RATINGS 


_ EMITTER (COMMON) 


Collector-Emitter Voltage VCEO 


_ BASE (INPUT) 
_ EMITTER (COMMON) 


. COLLECTOR (QUTPUT) 


Collector-Emitter. Voltage . VCES — | BB Vde 
Emitter-Base Voltage a VEBO | 40 | 


2 
3 
.. 4. EMITTER (COMMON) 
5 
— 6 
Collector-Current — Continuous | . 


Joe . EMITTER (COMMON) 
: NOTES: - 
1. POSITIONAL TOLERANCE FOR Q HOLES: 
2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN 
». X 45°, 
3. DIM D APPLIES 2 PLACES, 
"DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, 
DIM F APPLIES 4 PLACES. 
4. DIMENSIONS A AND N ARE DATUMS AND 
IS A DATUM SURFACE. 
5. DIMENSION B APPLIES TO LEAD FRAME 
AND Beo. 
6. POSITIONAL TOLERANCE FOR O TERMINAL 
AND DIMENSION B: 


[#] 0.38 (0.15) @ [Tt] A@[N @ | 


MILLIMETERS | INCHES | 


mi 
Total Device Dissipation @ Ta = 50°C ; Pf. te. | Wane 
Derate above 50°C (1) o 0.143 WC 
| 
THERMAL CHARACTERISTICS - 


(1) These devices are designed for RF operation. The total device dissipation,rating applies only 
when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 7 


CASE 319-04 


MOTOROLA RF\DEVICE DATA 


3-772 


MRF891 


EE EeTBleAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
Characteristic 
OFF AIChE Ta | 


Collector-Emitter Breakdown Voltage 
(ig = 20 mAdc, Ip. = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, Vez = 0) 


Emitter-Base Breakdown Voltage — 
(IE = 0.5 mAdc, Ic = 0) 


Collector Cutoff Current. 
(VceE = 30 Vdc, Vpe = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 200 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(VcB = 24 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain (Broadband) 
(Vcc = 24 Vdc, Pout = 5.0 W, f = 900 MHz) 
Collector ae 


Load Mismatch Stress 
(Vcc = 24 Vdc, Pin = 0.63 W, f = = 900 MHz, 
VSWR = 20:1, all phase angles) ~ 


Poa 

i 

oes ee 
1.0 


No degradation in 
output power 


FIGURE 1 — BROADBAND TEST FIXTURE 


Shorted 
Plug | 
(For AVRE 

Test) | 


C1. | 39 pF, 100 Mil Chip Capacitor 10 Turns #20 AWG Around 10 Ohm 1/2 Watt Resistor 
-C10—— 47 pF, 100 Mil Chip Capacitor 4 Turns #16 AWG Choke 

C6, C14. 10. uF, 25 V Tantalum | Ferrite Bead 

C5, C13 — 1000 pF, 350 V Unelco . 0.5”, #18 AWG Wire 

C7, C11, C12 — 91 pF, Mini-Unelco 50 Ohm Microstrip Line 

C3, C4 — 12 pF, Mini-Unelco W = 165 Mils, € = 1946 Mils 

C2, C8,C15 — 0.8-8.0 pF Johansen Gigatrim W = 166 Mils, € = 1563 Mils 

C9 — 5.0 pF, Mini-Unelco PC Board — 0.031” Glass Teflon (e, = 2.56) 


MOTOROLA RF DEVICE DATA 


Q.772 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


MRF891 


(S1_WM) HANOd LNdLNO 7d 


SUPPLY VOLTAGE (VOLTS) 


Vee 
FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE 


Pi, INPUT POWER (WATTS) 
OUTPUT POWER versus FREQUENCY 


FIGURE 4 — 
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f, FREQUENCY (MHz) 
FIGURE 7 — SERIES EQUIVALENT OUTPUT IMPEDANCE 
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FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE 
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at a given output power, voitage, 


“A *Zo_ = Conjugate of the optimum load 


\_ impedance into which the device out, 
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MOTOROLA RF DEVICE DATA 
3-774 


MRF891 


FIGURE 8 — PHOTOMASTER FOR TEST CIRCUIT 


MRF891 


fe 900 MHz 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


Q_T77R 


MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


MRF892 


14W 9300 MHz 


| 
| 
_ RF POWER 
‘TRANSISTOR 

| 


NPN SILICON RF POWER TRANSISTOR | 


applications in industrial and commercial FM equipment operating 
in the range of 804 - 960 MHz. | ols | 


® Specified 24 Volt, 900 MHz Characteristics. — 
Output Power = 14 Watts | 
Minimum Gain = 8.5 dB 
Efficiency = 55% | | 
® Series Equivalent Large-Signal Characterization 
@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power 
and Supply Voltage 


@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
iVietai Migration 


... designed for 24 volt UHF large-signal, common-base amplifier 
@ Silicon Nitride Passivated 
1 


STYLE 1: 
PIN 1. BASE (COMMON) 
2, EMITTER (INPUT) 
3. BASE (COMMON) 
4. BASE (COMMON) 
§. COLLECTOR (OUTPUT) 
6. BASE (COMMON) 


Rating SSS ot [vale [Ue 


NOTES: 

1. POSITIONAL TOLERANCE FOR Q HOLES: 

--L4] @ 0.15 (0.006) @] Tt] A @[N @ | 

2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN 
X 45°. 

3. DIM D APPLIES 2 PLACES, 
DIM K APPLIES 2 PLACES, 
-DIM Q APPLIES 2 PLACES, 
DIM F APPLIES 4 PLACES. 

4. DIMENSIONS A AND N ARE DATUMS AND 
IS A DATUM SURFACE. 

5. DIMENSION B APPLIES TO LEAD FRAME 
AND Beo. 

6. POSITIONAL TOLERANCE FOR D TERMINAL 
AND DIMENSION B: 


[+] 0.38 (0.15) @[ TL A @[nN@ | 


Total Device Dissipation @ Tc = 25°C (1) 50 Watts 
Derate Above 25°C - 0.29 mWwW/°C 


(1) These devices are designed for RF operation. The total device dissipation rating applies only 
when the devices are operated as RF amplifiers. 


Sjeicie 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 
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3.43 | 0.125 | 0.135 


MOTOROLA RF DEVICE DATA 


3-776 


MRF892 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) oe. 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage 
(Ie = 5.0 mAdc, Ic = O) 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 30 Vde, If = 0, f = 1.0 MHz) » 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain 
(Pout = 14 W, Vcc =. 24 Vde, f = 900 MHz) 


Collector Efficiency . 
(Pout = 14 W., Vcc = 24 Vdc, f = 900 MHz) 


C1 — 51 pF, 100 Mil Chip Capacitor B — Ferrite Bead, Ferroxcube 56-590-65-3B 
C2, C3 — 13 pF Mini-Unelco TL1 — Micro Strip, 50 © 

C4 — 43 pF, 100 Mil Chip Capacitor TL2 — Micro Strip, Z9 = 26 0, A/4 @ 875 MHz 
C5, C10 — 10 wF, 35 WV TL3 — Micro Strip, Zg = 14, A/4 @ 875 MHz 
C6, C9 — 500 pF Unelco J101 Board — 0.032” Glass Teflon 

C7, C8 — 91 pF Mini-Unelco 2 oz. Cu CLAD, e, = 2.55 


C11 — 0.8-8.0 pF Johanson Gigatrim 
L1, L2 — 4 Turns #18 Enameled, 5/32” ID 
L3, L4 — 14 Turns #22 Enameled Over 10 2 Carbon Resistor 


MOTOROLA RF DEVICE DATA 


3-777 


MRF892 


Pin=2.0W 


2 
Vec, COLLECTOR SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — TYPICAL PERFORMANCE IN 


Pin, INPUT POWER warts 


(SLIVM) HaMOd LMdino 22g 


OUTPUT POWER versus FREQUENCY | 


BROADBAND CIRCUIT 


FIGURE 4 — 


(%) AINE 4019397109 ‘& 
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(SLIVM) H3N.0d LNdino 3"°¢ 


f, FREQUENCY (MHz). 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


3-778 


MRF892 


FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE 


*“Zo_ = Conjugate of the optimum load impedance into: 
which the device output operates at a given output 


power, voltage, and frequency. 


: DN x ig 
Pout = 14 W, Vcc = 24 Vde Ve 


FIGURE 7 — SERIES EQUIVALENT 
OUTPUT IMPEDANCE 
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FIGURE 8 — 850-900 MHz TEST CIRCUIT 


3-779 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR sana 
al MRF894 


|The RF Line i | 


| 30W 900MHz 


RF POWER 
NPN SILICON RF POWER TRANSISTOR TRANSISTOR | 


| 
... designed for 24 volt UHF large-signal, common-base amplifier NPR SILICON. 


applications in industrial and commercial FM equipment operating 
in the range of 804 - 960 MHz. 


@ Specified 24 Volt, 900 MHz Characteristics 
Output Power = 30 Watts © va 
Minimum Gain = 7.0 dB 
Efficiency = 55% . 

® Series Equivalent Large-Signal Characterization 

@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power 
and Supply Voltage 

@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration : 


@ Silicon Nitride Passivated 


STYLE 1: 

PIN ae re 
1. BASE (COMMON) age oe “a 
2. EMITTER (INPUT) | 

_3. BASE (COMMON) 7 

"4. BASE (COMMON) a 3 : 

5. COLLECTOR (OUTPUT) |. | 

MAXIMUM RATINGS 6. BASE (COMMON) : 


Value ; 


Collector-Emitter Voltage. __ oe 
Collector-Base Voltage oy 


Emitter-Base Voitage 


Collector Current — Continuous Be 


Total Device Dissipation @ Tc = 25°C (1) | 
Derate Above 25°C ak 5 


-- NOTE: 
1. HOLES WITHIN .15 mm (.006) 
TRUE-POSITION TO EACH 
OTHER AT MAXIMUM 
MATERIAL CONDITION. 


. IDENTIFICATION NOTCH 

~ 1.0mm (0.04) MIN X 46°. 

. DIM D APPLIES 2 PLACES, 
DIM K APPLIES 2 PLACES, 
DIM Q APPLIES 2 PLACES, 
DiIMF APPLIES 4 PLACES. 


MILLIMETERS 


| MIN [MAX | MIN | MAX | 
T A_| 24.51 | 25.02] 0.965 | 0.985 | 
TB | 68.76 | 9.02 | 0.345 | 0.355 | 
PC | 6.84 | 6.60 | 0.230 | 0.260 | 
| D | 2.92 | 3.18 | 0.115 | 0.125 | 
PE | 269 | 2.95 | 0.106 | 0.116 | 
TF | 4.91 | 2.16 | 0.075 | 0.085 | 

[4.06 | 4.31 | 0.160 | 0.170 | 

T 0.10 | 0.15 | 0.004 | 0.006 | 
TK [ 2.29] 2.79 | 0.090 [ 0.110 | 
18.42 BSC 
TN [ 572] 5.97 | 0.225 [0.235 | 
PO [| 3.18] 3.43 | 0.125 | 0.135 | 


CASE 319-04 


ee 30 
; 50 
0.66 £°C 


THERMAL CHARACTERISTICS ; 


Thermal Resistance, Junction to Case (2) Rajc 


(1) These devices are designed for RF operation. The total device dissipation rating applies only 
when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MOTOROLA RF DEVICE DATA 


3-780 


MRF894 


ELECTRICAL CHARACTERISTICS files 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ViBR)CEO 30 Vdc 
(Ic = 25 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 25 mAdc, Vge=0) |. a 
-Emitter-Base Breakdown Voltage | vieniea0 | 
(IE = 5.0 mAdc, Ic = 0) 
_| Collector Cutoff Current | ICBO mAdc 
_ (Vop = 30 Vde, Ie = 0) 
ON CHARACTERISTICS | | 


DC Current Gain 
(Ic = 2.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 30 Vdc, Ig = O, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Base Amplifier Power Gain | 
(Pout = 30 W, Vcc = 24 Vdc, f = 900 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 24 Vde, f = 900 MHz) 


. +24 
(_ B Vde 
L2¢ 
TL2 
C1, C13 — 5 pF, 50 Vde | L1, L4— 11 Turns #20 Enameled Over 10 2 Carbon Resistor 
C2, C12 — 1000 pF Unelco ~ L2, L3 — 4 Turns #20 Enameled, .15” iD 
C3, C11 — 47 pF, 100 Mil Chip Capacitor B — Ferrite Bead, Ferroxcube 56-590-65-3B 
C4, C9 — 91 pF, Mini-Underwood TL1, TL4 — Micro Strip Line, 50 0 
C5, C6 — 12 pF, Mini-Underwood TL2 — Micro Strip, Zg = 30 0, A/4 @ 875 MHz 
C7 — 18 pF, Mini-Underwood TL3 — Micro Strip, 29 = 22 0, A/4 @ 875 MHz 
C8 — 24 pF, Mini-Underwood = ot Board — 0.032” Glass Teflon 
C10 — 0.8-8.0 pF Johanson Gigatrim | . 2 oz. Cu CLAD, er = 2.55 


MOTOROLA RF DEVICE DATA 


3-781 


MRF894 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


(‘SLIWM) HAMOd LNding 3% 


f, FREQUENCY (MHz) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus 
SUPPLY VOLTAGE 


FIGURE 5 — TYPICAL BROADBAND 
CIRCUIT PERFORMANCE 
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Vec. SUPPLY VOLTAGE (VOLTS) 


f, FREQUENCY (MHz) 


~ MOTOROLA RF DEVICE DATA 


3-782 


MRF894 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 


Vcc = 24 Vde, Pout = 30 W 


*ZOL = Conjugate of the optimum load impedance into which the device output operates 
; at a given output power, voltage, and frequency. 


FIGURE 7 — 850-900 MHz BROADBAND CIRCUIT 


MOTOROLA RF DEVICE DATA 
3-783 


MOTOROLA 
TECHNICAL DATA 


MRFSSs | 


| 


60 WATTS, 850-960 MHz 
... designed for 24 Volt UHF large-signal, common base amplifier applications in indus- RF POWER TRANSISTOR 
trial and commercial FM equipment operating in the range 850—960 MHz. NPN SILICON 


@ Motorola Advanced Amplifier Concept Package | L_ : | 
® Specified 24 Volt, 900 MHz Characteristics 
Output Power = 60 Watts 
Minimum Gain = 7 dB 
Efficiency = 60% 

Double Input/Output Matched for Wideband Performance and Simplified External 
Matching | | | 
Series Equivalent Large-Signal Characterization | —— 
Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration 

® Silicon Nitride Passivated 


MAXIMUM RATINGS 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range | _ —65 to +150 


THERMAL CHARACTERISTICS 


; ’ Characteristic 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


os Characteristic 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage : _ oe | ViBR)CEO jo | 

(lc = 50mAde, Ip =0) - = a 
Collector-Emitter Breakdown Voltage : V(BR)CES 

(Ic = 50 mAdc, Vee = 0) | . , . 
Emitter-Base Breakdown Voltage V(BR)EBO 

(IE = 5 mAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = 30 Vdc, Veg = 0, Tc = 25°C) 


(continued) 


MOTOROLA RF DEVICE DATA 


3-784 


MRF898 


ELECTRICAL CHARACTERISTICS - _ continued (Tc =.25°C unless otherwise noted.) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2 Adc, Vce = 5 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance* 
(VcB.= 24 Vdc, I_ = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 24 Vdc, Pout = 60 W, f = 900 MHz) 


Collector Efficiency . 
(Vcc = 24 Vdc, Poyt = 60 W, f = 900 MHz) 


Output Mismatch Stress | 
Vcc = 24V, Pout = 60 Watt, f = - 900 MHz, VSWR = = 5:1 | No Degradation in Output Power 


(all phase angles) 


*Value of “Cop” is that of die only. It is not measurable in MRF898 because of internal matching network. — 


PLUG 


50 

OHMS 
B1, B2, B3 — Bead, Ferroxcube 56-390-65/3B Board — 3M Epsilam-10, 50 Mil | 
C1, C2, C12 — 39 pF, 100 Mil Chip Capacitor ,  TL1, TL6 - — 50.O0hm Microstrip 
C3, C11 — 91 pF, Mini Underwood or Equivalent Oo TL2 — 400 x 950 Mils 
C4, C7, C9 — 10 pF, 35 V Electrolytic ane TL3, TL4 — 140 x 200 Mils 
C5 — 4000 pF, 1 kV Ceramic —_ TL5 — 320 x 690 Mils 
C6, C10 — 1000 pF, 350 V Unelco or Equivalent — . TL7 — 260 x 230 Mils 7 
C8 — 47 pF, 100 Mil Chip Capacitor Bias Boards — 1/32” G10 or Equivalent 


L1, L4 — 4 Turns #18 AWG Choke 
L2 — 11 Turns #20 AWG Choke on 10 Ohm, 1 Watt Resistor 
L3 — 3 Turns #18 AWG Choke on 10 Ohm, 1 Watt Resistor 


Figure 1. 850-960 MHz Broadband Test Circuit 


MOTOROLA RF DEVICE DATA 


3-785 


NMRF898 


(%) AONSIII4d3 YOLITTION 2 


| ¥ ” 
af fo id zZ wc 
S e 22 = 
S = |g 85 
o e ree ant 
@ aw wo 
in - au = 
rs G. Oe F&* 
rd 3 , 
F 9 28 | 
= ? = 5 e 
> ® > . ‘ 
2 3 a: a 
> £ uw 3 ro) 
a uw f 8 6 ”) 
x ss fc os Blal oO 4 
 & - 68 x|@ Zz x re) 
E ~ ot Olax O° oO 
é rc Shae = 
, 2 TOeSse 2 
Ve] 2. S cla = So G&G 
® b= zi6|5 oa a 
5 ; wS\2e= 2 
P 2 ZEB cuz 
” 5 a $/n|55525 
& SE 3/2 2a38 
eo : 
- 49/2222 8 
N oe) + us. 
(GP) NIVD YIMOd ‘V5 
DIORA TT 
SOS Te 
SSO 
SECO [3 
ESOT He 
Sox AT SH 
SERIAL BET 
SSR PLT 
ONG ald 
SSL RN 
KL ATALET TPG 
OEP 


LT 
x camenae 


TA 


| 


= 
= , 
= 
Lil, 
= | 
= 
N 
x 


| 
| 


given output power, voltage and frequency. 
Sk 
= 
xx 


LLL 
o 860 MHz 
LE LEE 
Wye Peeee 
EL) 


OY 
ae, 
AQ 
hy L7 


*ZOL = Conjugate of optimum load impedance 
into which the device operates at a 


Vcc, SUPPLY VOLTAGE (VOLTS) 
. Output Power versus Supply Voltage 


Pin, INPUT POWER (WATTS) 
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Figure 2. Output Power versus Input Power 
Figure 6. Input/Output Impedance versus- Frequency 
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MOTOROLA RF DEVICE DATA 
3-786 


MRF898 


VRE Bias Board © Collector Bias Board 


seusssorl 


“BOARD. 


RF Input Board - | RF Output Board 
NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 7. Photomaster 


Figure 8. 850-960 Broadband Test Circuit 


MOTOROLA RF DEVICE DATA 


3-787 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MRF901 


The RF Line 


2.5 dB @ 1.0 GHz 


HIGH FREQUENCY 
TRANSISTOR 


... designed primarily for use in high-gain, low-noise small-signal 
amplifiers. Also usable in applications requiring fast switching 
times. 


@ High Current-Gain-Bandwidth Product — ft = 4.5 GHz (Typ) @ 
Ic = 15 mAdc 


@ Low Noise Figure @ f = 1.0 GHz — NF = 2.0 dB (Typ) and 
2.5 dB (Max) 


@ High Power Gain — Gpe = 10 dB (Min) @ f = 1.0 GHz 


@ Third Order Intercept = +23 dBm (Typ) 


NPN SILICON HIGH-FREQUENCY TRANSISTOR Pp NPN SILICON 


MAXIMUM RATINGS 


[Emiter-Base Votive ——=S*dSVewo | 80a 
[ColectorCurrent— Continuous | ic | 90 

Derate above 25°C 3.3 mW/°C 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient RaJA 


SEATING PLANE 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4, EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N, 


CASE 317-01 


MOTOROLA RF DEVICE DATA 


3-788 


MRF9O1 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
| Characteristic 
OFF sue ne Clensilc> 


Gcliextore Base Breckdown Voltage 

. (Ig = 0.1 mAde, Ig = 0) 

ee 
ee 0.1 mAdc, Ic = 0). 

Collector Sur Current icBo nAdc 

+ — 


Boa Product 
(tc = 15 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 


Noise Figure 

(Ic = 5.0 mAdc, Veg = 6.0 Vdc, f = 1.0 GHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain ~ 

(Vcc = 6.0 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


Third Order Intercept 
(ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 0.9 GHz) 


; RF Output 
RF Input 


Bias Slug Tuner 
Tee 


FIGURE 2 — MAXIMUM UNILATERAL GAIN 
: - -yersus FREQUENCY 
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Guy(max). MAXIMUM UNILATERAL GAIN (dB) 


f FREQUENCY (GHz) 


MOTOROLA RF DEVICE DATA 
3-789 


MRF9O1 


FIGURE 3 — CURRENT GAIN — BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 5 — NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 7 — |S94|2 versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 
3-790 


FIGURE 4 — NOISE FIGURE versus FREQUENCY 
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FIGURE 6 — MAXIMUM UNILATERAL GAIN 
: versus COLLECTOR CURRENT 
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‘Ic, COLLECTOR CURRENT (mA) 


FIGURE.8 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 


0 20 40 60 80 10 12 #414 16 
Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 


MRF901 


VCE 
(Volts) 


VCE 
(Volts) 


TABLE | 


MOTOROLA RF DEVICE DATA 
3-791 


MRF901 


FIGURE 9 — INPUT AND OUTPUT REFLECTION _ FIGURE 10 — FORWARD/ REVERSE TRANSMISSION 


COEFFICIENTS versus FREQUENCY . _ COEFFICIENTS versus FREQUENCY 


(VcE = 10 V, I¢ = 15 mA) | (Vee =10V, Ic = 15 mA) 


Coordinates in Ohms 


FIGURE 11 — SOURCE IMPEDANCE (I'ms) FOR 
OPTIMUM NOISE FIGURE versus FREQUENCY 
(VGE = 10 Vde, Ic = 5.0 mA) 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-792 


MRF901 


FIGURE 12 — CONSTANT GAIN AND NOISE 
_, FIGURE CONTOURS 
(VcE = 10 Vdc, Ic = 5.0 mA f=500 MHz) 


$912 : 
|$24 K<1 


*Maximum Unilateral Gain, G, max = ——--—__--—>; 
(1 -|844]2) (1 -|S2al2) 


FIGURE 13 — CONSTANT GAIN AND NOISE 
_ FIGURE CONTOURS 
(VcE = 10 Vdc, Ic = 5.0 mA f= 1.0 GHz) 


-j50 s 
“Maximum Available Gain, Gamax = bal (K +2 ~1) (K>1) 


|S42| 


MOTOROLA RF DEVICE DATA 
3-793 


MOTOROLA 
TECHNICAL DATA 


| The RE Line 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


_.. designed for use as low-noise, high-gain, general purpose amplifiers. 


® High Current-Gain — Bandwidth Product — 

fT = 4.0 GHz (Typ) @ Ic = 15 mAdc 
® Low Noise Figure — | 

NF = 1.5 dB (Typ) @ f = 480 MHz 

= 2.5 dB (Typ) @f = 1.0 GHz 

® High Power Gain — 

Gmax = 16 dB (Typ) @ f = 450 MHz 

= 10 dB (Typ) @f = 1.0 GHz 

@ Excellent Third Order Intercept — +25 dBm (Typ) 


Total Power Dissipation @ Tp = 25°C 
Derate above 25°C 


MOTOROLA RF DEVICE DATA 


3-794 


HIGH FREQUENCY 
TRANSISTORS 


SEATING 
PLANE 


STYLE 10 
PIN 1. 


- COLLECTOR 
CASE 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


MRF904 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Symbol_[_Min [Tye [Wax [Unie 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage — - VEncEO | 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
pce rf 


Emitter-Base Breakdown Voltage re eee 
(te = 0.1 mAdc, Ic = 9) 

Collector Cutoff Current 
(Vcp = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(1c = 5.0 mAdc, Vce = 5. 0 Vde) 


DYNAMIC CHAD ACTER! iSTics 


i ee ee ae hd willie 


Current-Gain — Bandwidth Product 
(Ig = 15 mAdc, Vcg = 10 Vdc, f = 1.0 GHz). 

Collector-Base Capacitance 
(VCB = 10 Vdc, Ip = 0,f = 1.0 MHz) 

Noise Figure 
(Ice = 5.0 mAdc, Vcr = 6.0 Vdc, “f = 450 MHz) 
(Il¢ = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 

FUNCTIONAL TEST 


Unilateralized Gain (1) 


(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 
(ic = 5.0 mAdc, Vcg = 6.0 Vde, f =.1.0 GHz) 


ISo4 |2 


(1) G — a 
max “(1 184412) (1 -185912) 


MOTOROLA RF DEVICE DATA 
3-795 


MRF904 


FIGURE 1 — NOISE FIGURE versus FREQUENCY 
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NF, NOISE FIGURE (dB) 


FIGURE 3 — COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 


Vcop, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT — 


ff, CURRENT-GAIN — BANDWIDTH PRODUCT (GHz) 


2.0 4.0 6.0 8.0 10 12 14 16 18 20 
Ic, COLLECTOR CURRENT (mA) 


Gmax, UNILATERALIZED GAIN (a8) NF, NOISE FIGURE (dB) 


DIM, INTERMODULATION DISTORTION (dB) 


FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT — 


4.0 
Vee = 6.0 Vde 
f = 450 MHz 
3.0} 
2.0 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — UNILATERALIZED GAIN. (Gmax) versus 
FREQUENCY 
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FIGURE 6 — INTERMODULATION DISTORTION versus 
COLLECTOR CURRENT 
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MOTOROLA RF DEVICE DATA 
3-796 


MRF904 


TABLE 1 — S11 PARAMETERS 


deol inna 


Frequency (MHz) 


(Volts) 


MOTOROLA RF DEVICE DATA 
3-797 


MRF904 


TABLE 3 — Sqm PARAMETERS 


Frequency (MHz) 


Vcc 
(Volts) 


TABLE 4 — S92 PARAMETERS 


| ° Frequency (MHz) | 


Vcc | 'c 

(Volts) (mA) | 

1.0 100 Ct 
2.5 
5.0 
10 
15 
30 

3.0 

10 


MOTOROLA RF DEVICE DATA 
3-798 


MOTOROLA 
z SEMICONDUCTOR 


TECHNICAL DATA ae eee ee 


— The RF Line i 


400 mw 
RF OSCILLATOR TRANSISTOR 
NPN SILICON 


NPN SILICON OSCILLATOR TRANSISTOR 


... designed for microwave communications relay.links and low-cost 


~ radiosonde service. 


® Emitter Ballasted 
@ Low Current Density for Improved Lifetime 


@ Collector Connected to Case 


SEATING 
PLANE 


MAXIMUM RATINGS 
STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3, COLLECTOR 


Total Power Dissipation @ Tc = 100°C 
Derate above 100°C 


All JEDEC dimensions and notes apply 


CASE 26-03 
TO-46 


MOTOROLA RF DEVICE DATA 


3-799 


MRF905 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 30 Vdc 

(Ig = 10 mAde, Ip = 0) | 
lenin Breakdown Voltage ~ V(BR)CBO | 35 | = | Vde 
| (ig ~ 0.1 mAde, Ie = 0} : | bt | | | 
| 


Emitter-Rase Rreakdown Voltage V(BRJEBO 35 | 5.0 = Vde 


Collector Cutoff Current 


(Vcp = 20 Vdc, IE ='0) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 60 150 — 
| (lc = 100 mAdc, VcgE = 10 Vde) 


DYNAMIC CHARACTERISTICS. 


Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, Vcg = 10 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcp = 20 Vdc, IE = O, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Collector Oscillator Output Power 


(Ve =~20 Vdc, !— = 110 mAdc, f = 1.68 GHz) 


1.0 WF, 35 Vde TANTALUM 47 Ohms, 1/4 Watt 

0.1 WF Ceramic Disk 510 Ohms, 1/4 Watt. 

680 pF Feedthru 1.5kQ, 1/4 Watt 

0.4-6.0 pF JOHANSON 5 Turns, #22 AWG, 0.125” I.D. 
#20 AWG, 0.4” Length. 


MOTOROLA RF DEVICE DATA 
3-800 4 


__ MOTOROLA 
= SEMICONDUCTOR [=m 
TECHNICAL DATA 


“MRE9L1 


The RF Line | 


ft = 5.0 GHz @ 30 mA 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


. . designed primarily for use in high-gain, low-noise tuned and 
wideband small-signal amplifiers. Excellent in. high-speed switch- 
ing applications. ; 
® High Current-Gain — Bandwidth Product — 

fy = 5.0 GHz (Typ) @ f = 1.0 GHz 
@ High Power Gain — : 
Gmax = 12.5 dB (Typ) @ f = 1.0 GHz 


NPN SILICON 


MAXIMUM RATINGS 


Total Device: Dissipation @ Ti = 50°C 
Derate Above 50°C 


| Storage Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Lead RéaJb 


- SEATING PLANE 


FIGURE 1 — POWER DERATING 


STYLE2; 
PIN 1. COLLECTOR 

2, EMITTER 

3, BASE 

4, EMITTER 


DIMENSION D NOT APPLICABLE IN ZONE N. 


= 
= 
Zz 
= 
Ee 
<< 
= 
ip) 
2 
a 
jaa 
uu} 
= 
oO 
a 
a 
a 


T,, LEAD TEMPERATURE (°C) 
: CASE 317-01 


MOTOROLA RF DEVICE DATA 


9) ona 


MRF911 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). | | 
[Characteristic | Symbot | tin | typ | Max | nit 


OFF CHARACTERISTICS 


|Collector-Emitter Breakdown Voltage ; ViBR)CEO 12 S Vdc 
(lo = 1.0 mAdc, |p = 0) 


reakdown Voltage V(BRIEBO | 3.0 as 2 Vde 


ollector-Base Breakdawn Voltage V(BR)CBO 20 - | = - Vdc | 
ic = 0.1 mAdc, t- = 0) | | 
Bemit R 
| ~ | 


[Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 

1DC Current Gain 

| (Ip = 30 mAdc, V 

DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(i¢ = 30 mAdc, Voce = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 


Gmax, POWER GAIN (dB) 


(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Noise Figure 
(I¢ = 5.0 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 
(Ic = 5.0 mAdc, VcgE = 10 Vdc, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 


(Ic = 5.0 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 

(t¢ = 5.0 mAdc, VcE = 10 Vde, f = 2.0 GHz) 
Maximum Available Power Gain (1) 

(I¢ = 30 mAdc, VcE = 10 Vde, f= 1.0 GHz) 

(Ic = 30 mAdc, VcgE = 10 Vde, f= 2.0 GHz) - 


|$94!2 


Foie eaten a OO rs 
(1) Gmax = 117984912) (I-18 9912) 


FIGURE 2 -- POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY. versus COLLECTOR CURRENT 


(€P) 3HNOI4-ASION 4N 
Gmax, POWER GAIN (dB) 
(9P) JUNO ASION ‘AN 


f, FREQUENCY (GHz) . Ic, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA 
3-802 


MRF911 


FIGURE 4 — S14 PARAMETERS 
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MOTOROLA RF DEVICE DATA 
3.803 


MOTOROLA 
TECHNICAL DATA 


MRF914 


f7 = 4.5 GHz @ 20 mA 


HIGH FREQUENCY 
REO 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


. designed for applications requiring high-gain, low- noise and 
low distortion: Also excellent for nigh speed switching applications. 


@ Low Noise Figure — 
NF= Sona Orson Gun 
= 2.5 dB (Typ) @ f = 1.0 GHz 


® High Power Gain — 


Gmax = 15 dB (Typ) @ f = 0.5 GHz 
= 10 dB (Typ) @ f = 1.0 GHz 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
| Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Peak 


Total Device Dissipation @ Tp = 75°C ca . & per: 
ey 
Derate Above 75~C PLANE 
Storage Temperature Range ~65 to +200 Oa 


| THERMAL SHAH ACTER UC STYLE 10 


EMITTER Il 
BASE 


COLLECTOR 


FIGURE 1 — POWER DERATING. 


a oe T 


Pp, POWER DISSIPATION (mW) 


50 100 150 ALL JEDEC dimensions and notes apply 


Ta, AMBIENT TEMPERATURE (°C) sc 


MOTOROLA RF DEVICE DATA 


3-804 


MRF914 


ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted). . 


Collector-Emitter Breakdown Voltage 


(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voitage 
(I¢ = 0.1 mAdc, I¢ = 0) 


Emitter-Base Breakdown Voltage 
(ig = 0.1 mAde, Ic = 0) 


Collector Cutoff Current | . ae ICBO 
| (Vep= 15 Vde, IE = 0) 


* ON CHARACTERISTICS 


| DC Current Gain | hFe 30 200 
(I¢ = 20 mAdc, VcgE = 10 Vdc) : , 
DYNAMIC CHARACTERISTICS ; 


‘Current-Gain Bandwidth Product 

(Ic = 20 mAdc, Vcg = 10 Vac, f = 0.5 GHz) 
Collector-Base Capacitance 

(Vcp = 10 Vdc, le = 0, f = 1.0 MHz) | 


FUNCTIONAL TESTS 


Noise Figure 
(le = 5.0 mAdc, Vege = 10 Vde,f = 0.5GHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
_|Power Gain at Optimum Noise Figure . 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 

(Ic = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 GHz) 
Maximum Available Power Gain (1) 
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 

(Ic = 20 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 


IS94/2 
(1) Smax = (155, 42) (I-1S9912) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE | | iGuinEia: =ROWES GAIN AND NOISE FIGURE 
versus FREQUENCY 3 . . versus COLLECTOR CURRENT 
ee Se SS " 
ae a Os g 
=a ae oe Pa Salta 2 
< 12 NPS < ce 
i ee TTT SSg"3 8 : 
aaa ae Te : 
ee Se Sa Ie oa TT ETP 23 2 
g ae eae | uw 2 : 
ar ee ea ie Sra geet = 
Beas ree | ee MERE 
ae ee hole aaa: 
0.1 0.2 0.3 04 0.5 0.7 1.0 


f, FREQUENCY (GHz) | , . ‘I¢, COLLECTOR CURRENT (mA) 


MOTOROLA RF DEVICE DATA 


R-RNA 


MRF914 


FIGURE 4 — S;q PARAMETERS 


[Frequency (Me) [t00<dT~SCSC~sSC~ESC“‘C(SC“C&N’;*CC*QSSC~C*‘OOC~C*dSSCSC“‘CCNOOO™C*S 


(Volts) (mA) 


t 50 |{ 20 | os4 | -35 ~166 

| | so | “150 | 

i0 | “120 | 

| 20 | -101 | 

i {; 30 | ~107 

i 10 20 | ~155 
5.0 ~125 
10 -90 
20 -80 


Pater 
(Volts) (mA) 


VCE 


FIGURE 6 — S94 PARAMETERS 
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2.0 


Frequency (He) [100 
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MOTOROLA 
= SEMICONDUCTOR se 
TECHNICAL DATA | 


—_ The RF Line | 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed primarily for use in low-power amplifiers to 1.0 GHz. 
Ideal for pagers and other battery operated systems where low-power: 


consumption is critical. 


® Low-Power Consumption Characterized for 


le =0.1 to 1.0mA 


@ High Current-Gain — Bandwidth Product — 


fT = 3.0 GHz (Typ) 


@ Stripline Design for Optimum Performance 


| MAXIMUM RATINGS 


T 


2.0 


+150 


-65 to +150 


T 


lc 
J 


Characteristic : 


hermal Resistance, Junction to Ambient 


Po, TOTAL DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 


3-807 


MRF931 


LOW CURRENT 


HIGH FREQUENCY 
TRANSISTOR 


-NPN SILICON 


| SEATING PLANE 


STYLE 2: 
PIN 1. COLLECTOR . 
2. EMITTER 
3, BASE 
4, EMITTER 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


tad MILLIMETERS | INCHES | 
| MIN | | MIN | 


CASE 317-01 


MRF931 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


Symbot_[ Min | Typ [Max [Unt 


OFF CHARACTERISTICS 
| Collector- Emitter Breakdown Voltage 


Ale = 0.1 mAdc, Ig = 0) 
Collector- Base Breakdown V Voltage 

| {ic = 0.01 mAdc, ie = 0) 

( Emitter-Base Breakdown a 

(le = 0.1 mAdc, Io = 


Cojlector Cutoff Current 
(Vop = 5.0 Vdc, IE = 0) 
ON CHARACTERISTICS 


Hc Curt rent Gain 


(ic = 0. 25 mAdc, VcE = 1.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ie = 1.0 mAdc, Veg = 1.0 Vde, f = 1.0 GHz) 
Collector-Base Capacitance 


V(BR)CEO 5.0 Vde 


(Vcp = 1.0 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Noise Figure 
(Ie = 0.25 mAdc, Vcge = 1.0 Vdc, f = 0.5 GHz) 
(Ie = 0.25 mAdc, VcgE = 1.0 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(Ig = 0.25 mAde, Vcg = 1.0 Vde, f = 0.5 GHz) - 


(ig = 0.25 mAdc, Vcg = 1.0 Vde, f = 1.0 GHz) 


Transducer Power Gain 
(le = 0.5 mAdc, Vcg = 1.0 Vde, f = 0.5 GHz) 
(ig = 0.5 mAdc, Vcg = 1.0 Vde, f = 1.0 GHz) 


FIGURE 2 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 


_ FIGURE 3 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus EMITTER CURRENT 
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f, FREQUENCY (GHz) 


if EMITTER CURRENT (mAdc) 


MOTOROLA RF DEVICE DATA 
3-808 


MOTOROLA 
= SEMICONDUCTOR as 
TECHNICAL DATA 


: | MIRF941_ 
Advance Information | , ne | MRFC941 _ 
The RF Line oe | | MRF942 
NPN Silicon | | | MMBR941,L 
Low Noise, High-Frequency, _ | MRF9411,L 
‘Transistors i mec a 


. designed for use in low noise, small-signal amplifiers. This series features low noise, cs 
high gain, and current capability offered in a variety of packages. | / Ic = 15 mA 


@ Fully Implanted Base and Emitter Structure - LOW NOISE 
@ 9 Finger, 1.25 Micron Geometry with Gold Top Metal HIGH FREQUENCY 


® Gold Sintered Back Metal kee & ae TRANSISTORS 
@ Tape and Reel packaging Options Available : 9 ee 


MRFC941 | MRF941 | MRF942 


Cc E 
ea ; B 
SOT-23 Case 318B-01 


MAXIMUM RATINGS — i : : Case 318-02 | (SOT-143) 


Storage Temperature 


ELECTRICAL CHARACTERISTICS 


[_—_—_—_ tons Ti 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 0.1 mA, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 0.1 mA, IE = 0) | | 
[erin Onercurmeeg = 3¥le=@) es 
ON CHARACTERISTICS . 


DC Current Gain (Vce = 6 V, Ic = 5 mA) 


Note 1. Case Temperature is measured on the collector lead where it first contacts ae (continued) 
the printed circuit board closest to the package. 

Note 2. Device offered in other ceramic/plastic packages. 

Note 3. Ic — Continuous (MTBF ~ 10 years) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


3-809 


IMMIRFS41 Series 


ff, GAIN-BANDWIDTH PRODUCT (GHz) 


C, CAPACITANCE (pF) 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Characteristic 


DYNAMIC CHARACTERISTICS 


(VcE = 


Collector-Base Capacitance — 


| (Vcp = 10 V, ip = 0, f = 1 MHz) 


| Current Gain — Bandwidth Product 


BV, Ic = 15 mA, f = 1 GHz) 


FUNCTIONAL TESTS. 


Associated Gain at Minimum Noise Figure 


(VCE = 
(VCE = 
(VCE = 


6 V, lc = 5 mA, f = 1 GHz) 
6V, ic = 5 mA, f = 2 GHz) 
6 V, Ic = 5 mA, f = 4 Ghz) 


Noise Figure 


(VCE = 


6 V, Ic = 5 mA, f = 1 GHz) 
6V, lc = 5 mA, f = 2 GHz): 
c = 5 mA, f = 4 GHz) 


Ic, COLLECTOR CURRENT (mA) 


Gn ASSOCIATED GAIN (dB) 


: Figure 1. Gain-Bandwidth Product versus Current | 


Vp, COLLECTOR-BASE VOLTAGE (VOLTS) 


Gyr, ASSOCIATED GAIN (dB) 


Figure 3. Junction Capacitance versus Voltage | 


3-810 


MOTOROLA RF DEVICE DATA 
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Ic, COLLECTOR CURRENT (mA) 


Figure 4. Associated Gain and Optimum Noise Figure 
versus Collector Current. 
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MOTOROLA 
TECHNICAL DATA 


| . -MRF951 
Advance Information: _ “ MRFC951 
The RF Line _ | MIR EFO52. 
Low Noise, High-Frequency | MRF9511,L 


. . designed for use in high. gain, low noise small-signal amplifiers. This series features 
excellent broadband linearity and is offered in a variety of packages. . as 
@ Fully Implanted. Base and Emitter Structure Ic = 30 mA 
® 18 Finger, 1.25 Micron Geometry with Gold ey Metal LOW NOISE 
® Gold Sintered Back Metal HIGH FREQUENCY 
®@ Tape and Reel Packaging Options Available | - TRANSISTORS 


MRFC951 MRF951 MRFS52 | MMBRS51,L | MRF9511,L 


: Macro-X a - Case 318B-01 
Nae neue. Case 317-01 - (SOT-143) 


otra vonage Pegg [99 oe 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage llc = 0.1 mA, lg = 0) 

Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ig = 0) — | 
[Emiter Cutoff Curent Vep=1Wie= 0) SSSSC~dSCiew | 
_ Collector Cutoff Current (VcB = 10V, l—- = 0) — 

ON CHARACTERISTICS | 
DC Current Gain (VCE = 6V, Ic = 5 mA) 


Note 1. Case Temperature is measured on the Collector lead where it first contacts é : (continued) 
the printed circuit board closest to the package. 

Note 2. Device offered in other ceramic/plastic packages. 

Note 3. lc — Continuous (MTBF ~ 10 years) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 
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MIRF951 Series 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Characteristic | Svmbot Tin [tye [ox [Unie 


DYNAMIC CHARACTERISTICS 


Collector-Base Ca pacita nce 
| (cp = 10V, IE = 0,f = 1 MHz) 
| Current Gain — Bandwidth Product 
| (VceE = 6V, Ic = 30 mA, f = 1 GHz) 


FUNCTIONAL TESTS 
Associated Gain at Minimum 
(VcE = 6V, Ic = 5 mA, f = 1 GHz) 
(VcE = 6V, Ic = 5 mA, f = 2 GHz) 


Noise Figure 


Gnp, ASSOCIATED GAIN (dB) 
(GP) JUNDId ISION ‘AN 


fr, GAIN-BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mA) : . f, FREQUENCY (GHz) 
Figure 1. Gain-Bandwidth Product versus Current Figure 2. Associated Gain and Optimum Noise Figure 


versus Frequency 
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Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) | Ic, COLLECTOR CURRENT (mA) 
Figure 3. Junction Capacitance versus Voltage Figure 4. Associated Gain and Optimum Noise Figure 


versus Collector Current 


MOTOROLA RF DEVICE DATA 


3-812 


MOTOROLA 
2 SEMICONDUCTOR EEE 
TECHNICAL DATA 


The RF Line | MRF9O6G6 
N-Channel Dual-Gate GaAs | MRFC966 


Field-Effect Transistor 


... depletion mode dual-gate MES FET designed for high frequency amplifier 


and mixer applications. | N-CHANNEL | 

® Excellent Receiver Front End ‘oe Peete 
® Low Noise Figure — NF = 1.2 dB, 1 GHz (Typ) TRANSISTOR 

@ High Power Gain — Gp = 17 GB, 1 GHz (Typ) See are : 

® Low Reverse Transfer Capacitance — Crgg = 40 fF (Typ) 

@ High Transconductance — gy, = 20 mS (Typ) 

@ Fully Characterized - 

® Gold Metallization 


MAXIMUM RATINGS . te 


7 -8 
—-8 


Gate-Source Voltage — Reverse VG1S —8 
VG2s —8 
Gate-Source Voltage — Forward VGiS +1 +1 
: VG2s +4 +1 
Tota! Power Dissipation @ Ta = 25°C 350 350 
Derate above 25°C . Ty = 125°C Max 3.5 
Storage Channel Temperature Range -—65 to +125 —65 to +125 
Junction Temperature Range . —65 to +125 ~-65 to +125. 


MRF966 
CASE 317-01 


CHIP 
MRFC966 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage . V(BR)DSX 
(VGiS = VG2s = —4.5 Vdc, Ip = 100 pA) 

Gate 1-to-Source Cutoff Voltage (Vps = 5 Vdc, VGas = 0, VG1S(off) = 
Ip = 500 uA) 


Gate 2-to-Source Cutoff Voltage (Vps = 5 Vdc, VGi1s = 0, 
ID = 500 pA) . 


Gate 1 Leakage Current (Vqig = —5 Vdc, VG2s = Vps = 9) IG1SS | | 
Gate 2 Leakage Current (VG2s = —5 Vdc, VGis = Vps = 0) IG2ss . | | 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current © 


(Vps = 5 Vde, Vais = VG2s = 9) 
SMALL-SIGNAL CHARACTERISTICS 


Transconductance Im 18° 20 mS 
(Vps = 5 Vdc, Vg2g = 0, Ip = 10 mA, f = 1 kHz) 
Input Capacitance Cisg 1.5 pF 
(Vps = 5 Vdc, Vg2sg = 0, Ip = 10 mA, f = 1 MHz) : 
Reverse Transfer Capacitance 
(Vps = 5 Vde, Vg2sg = 0, Ip = 10 mA, f = 1 MHz) 


Handling and Packaging — MES devices are susceptible to damage from electrostatic charge. (continued) 
Reasonable precautions in handling and packaging MES devices should be observed. = 


MOTOROLA RF DEVICE DATA 


Q.R12 


MRF966, MRFC966 


ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure(1)_ 
(Vps = 5 Vdc, VG2s = G, ips = 10 mA, f = 7 GHz) 


Common Source Power Gain(1) : 
(Vpsg = 5 Vdc, Va2s = 0, Ips = 10 mA, f = 1 GHz) 


| Intermodulation Distortion IMD3 — — 65 — dB 


(Vps = 5 Vdc, Ips = 10 mA, 
fy = 995 MHz, f 2 = 1001 MHz, VGo = 0, Pin = —40 dBm) 


Linear. Power Point(2) 
(Vps = 5 Vdc, Ips = 10 mA, 
7 = 995 MHz, fg = 1001 MHz, Vg2 = 0) 


Output Power at 1 dB Compression Point 
(Vps = 5 Vdc, Ips = 10 mA, f = 1 GHz) 


NOTES: . 

1. Data taken using a 50 OQ test fixture, Microlab SF31N stug tuners, HP11590B bias networks and the HP8970A or Eaton 2075 noise figure meter. 
Note: VG2s = 0. Refer to Figure 11. 

2. The linear.power point is the output power level at which either the signal 2fy + f2 or 2f2 + f; are 30 dB below fj or fg. 


TYPICAL CHARACTERISTICS 


Ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 


oo oe eae de = eg ee ag oy 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Figure 1. Drain Current versus Drain-To-Source Voltage Figure 2. Drain Current versus Gate One-To-Source 
; Voltage : 


4 
3 s 8 zg 
z wiz wy 
S a oe 
a re to ras 
Lu = Luis 
2 S 8s 18 
on = =z 
a ur 2 us 
Oo =z (as) =z 
| 
0 1 2° 3 4 5 6 7 8 9 10 
Vp, DRAIN-TO-SOURCE VOLTAGE = PERCENT OF Ipsg 
Figure 3..Power Gain and Noise Figure versus Figure 4. Power Gain and Noise Figure versus 
Drain-To-Source Voltage . Percent of Ipss 
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MRF966, MRFC966 


TYPICAL CHARACTERISTICS 
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Figure 6. Maximum Available Gain and Stability 


Figure 5. Power Gain and Noise Figure 
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Figure 8. Output Power versus Input Power @ 1 GHz 
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Figure 7. Output Power versus Input Power 
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| Figure 10. Third Order Intermodulation Distortion 


Figure 9. Third Order Intermodulation Distortion 


@ 1 GHz 


@ 500 MHz 


MOTOROLA RF DEVICE DATA 


3-815 


MRF966, MRFC966 
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COMMON SOURCE S-PARAMETERS 


MOTOROLA RF DEVICE DATA 


3-816 


MRF966, MRFC966 


RF OUTPUT 


SLUG TUNER BIAS 
BIAS SLUG TUNER TEE 
TEE 


Figure 11. 1 GHz Test Circuit Schematic 


f | Gur | NF - 
450 20 0.6 | 0.82 /21° 0.80 /11° 
1000 | 17 1.2 0.74 /21° 0.77 f12° 


Figure 12. Source and Load Impedance for Optimum 
Noise Figure 


MRFC966 Chip Topography 


Nominal Chip Size: 0.017” x 0.020" x 0.005” 
Drain/Source Bond Pad: 0.003” x 0.004” 
Gate 1/Gate 2 Bond Pad: 0.0035” x 0.0035” 


OUTLINE DIMENSIONS 


NOTE. | 
DIMENSION D NOT APPLICABLE IN ZONE N. 


MILLIMETERS | INCHES 
| MAX _| 


STYLE 1: 
PIN 1. DRAIN 
2, SOURCE 
a 3, GATE 1 
SEATING PLANE 4. GATE 2 


CASE 317-01 | 
_ PLASTIC MACRO-X 


MOTOROLA RF DEVICE DATA 


3-817 


MOTOROLA 


| SEMICONDUCTO 
TECHNICAL DATA 


/ MICROWAVE PULSE POWER TRANSISTOR 


...designed for Class A and AB common emitter amplifier 
applications in the low-power stages of IFF, DME, TACAN, radar 
transmitters, and CW systems.. | 


@ Guaranteed Performance @ 1090 MHz , 18 Vde — Class A 
Output Power = 0.2 Watt 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase Angles — 
with 10:1 VSWR | 


_®@ Industry Standard Package 
@ Nitride Passivated 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Compatible with Other 1000M Types 
@ Internal Input Matching for Broadband Operation 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage _ 


20 | 


Watts . 
mW/°C 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


- 7.0 ; 
40 
Storage Temperature Range 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


' NOTES: 
1. DIMENSIONS R AND U ARE DATUMS AND TIS A 
DATUM SURFACE AND SEATING PLANE. 
2, POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


——- [@]g 0.38 (0.075) @[T_u @]R } 
3. DIMENSIONING AND TOLERANCING PER ANSI 
"14,5, 1973. 


om! MILLIMETERS | INCHES | 
[min "| MAX” | MIN | MAX | 
| Al 7.06{ 7.26 [0.278] 0.286 
Lt | [5.20 | 0.175) 0.205 | 


MRF1000MC 


STYLE 2: 
1. COLLECTOR 
2. BASE 
3. EMITTER 


| Fl 266] 3.42 | | 0.135 | 
| J | 0.10} 0.15 | 0.004] 0.006 | 
| KI 104 - [o43s,  — | 
|| ] v ? 


| | 3.04] 34.2 [0.120] 0.135 | 
{Bi 6.08] 6.86 | 0.240) 0.260 


CASE 361A-01 | Ut 20.081 20.57 | 0.780] 0.810] 


3-818 


-MRF1OOOMA 


MRF1000MB 
MRF1000MC 


O.7W 960-1215 MHz 


CLASS A/AB 
MICROWAVE POWER 
TRANSISTOR 


NPN SILICON 


MRF1000MA 
CASE 332-01 


ma 


3) 
BE 


0.145 


NOTES: © 


“1. DIM IS DATUM.” 


2. POSITIONAL TOLERANCE FOR - 
LEADS: 
[e]_0.76(0.030)@] 7] 8©@ } 

3. IS SEATING PLANE. - 

4. DIMENSION K APPLIES 
TWO PLACES. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


STYTE 2: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MRF1000MB 


CASE 3320-01 [owl mm" max [aN | wa 


~ La [701 | 762 | 0.276] 0.300 | 
| 0.195] 0.205 | 


NOTES: , 
1. DIM IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


0.76 (0.030) @| T| A@| 
3. ET-] 1S SEATING PLANE. 
4.. DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


ahr 


STYLE 2: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


ry jt , 


oo 


MOTOROLA RF DEVICE DATA 


MRF1000MA, MRF1000MB, MRF1 000MC 


ELECTRICAL CHARACTERISTICS allo = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . 
(I¢ = 5.0 mAdc, Ip = O) 


Collector- Emitter Breakdown Voltage 
(Ie = 5.0 mAdc, VBE = 0) — 


Emitter-Base Breakdown Voltage 


V(BR)CEO 


20 


V(BR)CES 


_Collector-Base Breakdown Voltage HEB 
(I¢ = 5.0 mAde, Ig = 0) 


(Il_ = 1.0 mAdc, ic = 0) 


Collector Cutoff Current. 
(VcB = 20 Vdc, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 100 mAdc, VE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(VcB = 28 Vdc, IE = 
FUNCTIONAL TESTS 


Common-Emitter Power Gain — Class A 


0, f = 1.0 MHz) 


(VcE = 18 Vde, ic = 100 mAde, f = 1090 MHz, Pout = 200 mW) 


Common- Emitter Power Gain — Class AB 


(VCE = 18 Vde, icq = 10 mAde, f = 1090 MHz, Pout = 0.7 W) 


Load Mismatch — Class A 


No Degradation in Power Output 


(VcE = 18 Vdc, Ic = 100 mAde, f = 1090 MHz, Pout = 200 mW, 


VSWR = 10:1 All Phase Angles) 


C1, C2, C3, C7, C8, C10 — 220 pF ATC 100 mil 
C4, C9 — 4.7 BF 50 V Tantalum 
C5, C6 — 0.8- 8 pF Johanson #7290 


Z1-Z10 — Distributed Microstrip Elements 


+ See Figure 8 
Board Material — 0.031’’ Thick Teflon-Fiberglass 
€, = 2.56 


Class AB Bias Control Circuit 
18 V Output Ic¢q 10 mA Nominal : 


+18 V Input 


+18 V Collector Bias 
' Output to Point C - 


330 0.7 UF 
V/2W 50 V 
Base Bias Output 
ni to Point B 
1 0.1 uF 
1/2 W 


= 50V 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


B 
Base Bias Input O 


oz] os] oa] 


Z2 Z3 


Cc 
O Collector Bias Input 


RF 
Output 
ons) , 


7 Class A Constant Current Bias Control Circuit 
= 100 mA, Ve 


le 


R2 
11k 
1/2. W 


MOTOROLA RF DEVICE DATA 
3-819 


p= 18V. 


0 +28 Vv Input. 


act V Collector Bias 
cg Output to Point C 


0.1 MF 
-5O0V 


6 Base Bias Output 
to Point B 


MRF1000MA, MRF1000MB, MRF1000MC 


Pout OUTPUT FOWE 


Ic, COLLECTOR CURRENT (AMP) 


R (WATTS) » 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 6 — COMMON-EMITTER S-PARAMETERS AND SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


SERIES EQUIVALENT IMPEDANCES 
Pout - 0.5 W, VCE = 18 Vde, 
Icq = 10 mAde, Class AB 


3.0 + 59.0 
3.2 +j10 
2.8 + j12 


*Zo = Conjugate. of the optimum load impedance. 
into which the device output operates at a 
given output power, voltage, and frequency. 


S-PARAMETERS — Veg = 18 Vde, Ic = 100 mAdc, Class A 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-820 


MRF1000MA, MRF1000MB, MRF1000MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD 
LAYOUT — 1090 MHz TEST CIRCUIT 


“+28 V 
Input 
R2 
R5 
‘CLASS A BIAS NETWORK 
+18 V Collector Base Bias 
Bias Output Output 


AMPLIFIER 


+) MRE IOOOM 6 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-821 


MOTOROLA _ | | | 
2 SEMICONDUCTOR PQ MRF1002MA 


MRF1002MB 


TECHNICAL DATA 


MRF1002MC 


. | 
2.0W PEAK 960-1215 MHz 


| MICROWAVE POWER 
SE POWER TRANSISTOR | _ TRANSISTOR 


NPN SILICON 
. ... designed for Class B and C common base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@® Guaranteed Performance @ 1090 MHz , 35 Vdc 
Output Power = 2.0 Watts Peak 
Minimum Gain = 10 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


@ Industry Standard Package 
® Nitride Passivated | 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Compatible with Other 1002M Types res CE] is partum. 


@ Internal Input Matching for Broadband Operation 2. POSITIONAL TOLERANCE FOR STYLE: 
LEADS: PIN 1. BASE 
; [é[ 0.76(0.030)@[ T] B@ | 2, EMITTER 
3. IS SEATING PLANE. 3. BASE 
4. DIMENSION K APPLIES 4, COLLECTOR 


MAXIMUM RATINGS 5. DIMENSIONING AND TOLERANCING 


| Rating _ Unit | PER ANSI Y145, 1978 
[colector-Gase Voge ———~—=S*; Va | 80] vee 
Derate above 25°C 40 mw/°C 
THERMAL CHARACTERISTICS | 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. . 


(2) Thermal Resistance is determined under specified RF operating conditions by | | notes: — 
infrared measurement techniques. ' | | 1. DIM LA IS DATUM. 


MRF1002MA 
CASE 332-01 


aM 


j 


) 


4.400584 
=) Rl] E 
=) Olan x 
a Hloalan 


d 


o 
RS 
= 
on 


MRF1002MB 
_ CASE 332A-01 MILLIMETERS| INCHES | 


| 0.130] 0.150 | 
[0.195 | 0.205 | 
[0.055 | 0.070 | 
[ 0.003 | 0.007 | 
[0600] - | 
[ 0.095 | 0.105 | 


2. POSITIONAL TOLERANCE FOR LEADS: 


[¢] 0.76 (0.030 | TL A@| 


3. [EE] 1S SEATING PLANE. 
4. DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. STYLE 1: 
PIN 1. BASE 


L 2. EMITTER 
_ 3. BASE 

gy 4. COLLECTOR 
| 7 V1, 


Omar 


: \ NOTES: a So 

MRF1002MC 1, DIMENSIONS R AND U ARE DATUMS AND TIS A 
DATUM SURFACE AND SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


A 0.38 (0.015) @|T| U @iR | 
"3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
0.004] 0.006 


[ut 20.06| 20.57 | 0.790] 0.610, 


MOTOROLA RF DEVICE DATA 


3-822 


MRF1002MA, MRF1002MB, MRF1002MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) - 


OFF CHARACTERISTICS - 
Collector- Emitter Breakdown Voltage eel 


_(Ic¢ = 5.0 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, I¢ = 0) 


Collector Cutoff Current 
(VcB = 35 Vde, Ie = 0) | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 


‘DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 35 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 35 Ve, Pout = 2.0 W pk, f = 1090 MHz) 


| Collector Efficiency 
(Vcc = 35 Vde, Poyt = 2.0 W pk, f = 1090 MHz) 


Load Mismatch No Degradation in Power Output 
(VCC = 35 Vdc, Pout = 2.0 W, f = 1080 MHz . 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


a = fas Oa C3 C4 = 
. . C1 


- aa ae Z8 Zz11 +@e4 214 RF 
npu bad utpu 


C1, C3 — 220 pF Chip Capacitor, 100 mil ATC 
C2 — 20 UF/S50 Vdc Electrolytic 
C4.— 0.1 uF Erie Redcap 
L1, L2 — 2 Turns #18 AWG, 1/8" 1D 
21-214 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031" Thick Teflon-Fiberglass, 
= 2.56 


MOTOROLA RF DEVICE DATA 
3-823 


MRF1002MA, MRF1002MB, MRF1002MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


| | | | fret 
a ee ee ee 


Pout, OUTPUT 2OWER (W pk) 
Pout, OUTPUT POWER (W pk) 


0 40 80 120 160 200 960 1090 1215 


Pi,, INPUT POWER (mW pk) f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


Jaw ees 
aes 


0 5.0 10 15 20 25 30 350 
Vcc, SUPPLY VOLTAGE (V) 


f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vec = 35 Vdc, 
tp=10us,0= 1.0% 


15.5+j16.5} 20+ )j32.5) 25 +j21 
15 + j20 25+j34 | 31+ j26 
14+j27 | 33.6+j42.5) 37 +325 


*Zo_ = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


Coordinates in Ohms 


-j50 


MOTOROLA RF DEVICE DATA 
3-824 


MRF1002MA, MRF1002MB, MRF1002MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL LONG PULSE PERFORMANCE 


Pout = 2.0 W pk 
Veco =35V 
tp = 1.0 ms 
D=10% 

= 1090 MHz 


ie] 


e ~. MREIOO2M 


TEST CIRCUIT | 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-825 


MOTOROLA 
SEMICONDUCTOR & 
TECHNICAL DATA 


The RF Line | | 


MICROWAVE PULSE POWER TRANSISTOR 


... designed for Class B and C common base ampilitier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz, 35 Vdc 
Output Power = 4.0 Watts Peak 
Minimum Gain = 10 dB 


® 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 

@ Industry Standard Package | 

® Nitride Passivated — 


_ @ Gold Metallized, Emitter Ballasted for Long Life and 
ie Resistance to Metal Migration ‘ a 


© Compatible with Other 1004M Types 
@ Internal Input Matching for Broadband Operation 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voitage 


Total Device Dissipation @ Tc = 25°C (1) | 7.0 Watts 
Derate above 25°C 40 mW/°C 


Storage Temperature. Range —65 to +1 50 


| (MRF1004MB 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurernent techniques. . ms 


NOTES: 
1. DIMENSIONS R AND U ARE DATUMS AND TIS A 
MRF1004MC ‘ ; DATUM SURFACE AND SEATING PLANE. 
CASE 361A-01 = 2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


B 0.38 (0.015) @|T| U @|R @| “ 


//, 3. DIMENSIONING AND TOLERANCING PER ANSI 
M 5, 1973. > 


Y14 
Saez 


LE 1 
PIN 1. COLLECTOR 
2. EMITTER Y A{ 6.09| 6.66 | 0.240] 0.260 | 

3. BASE YU | 20,06] 20.57 | 0.790] 0.810 | 

| Vi 14.2788C | 0.5628SC | 


MOTOROLA RF DEVICE DATA 


3-826 


MRF10 


MRF1OO4MA 
MRF1004MB 


MICROWAVE POWER 
TRANSISTOR 


4.0W 960-1215 Miz 
| 


| 
4 NPN SILICON 


MRF1004MA 
CASE 332-01 


=f i 


if 


1. DIM IS DATUM. 

2. POSITIONAL TOLERANCE FOR 
LEAOS: 
fel_o.76(0.030)@] 7] 8@ 

3. IS SEATING PLANE, 

4. DIMENSION K APPLIES 
TWO PLACES. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


STYLE 1: 
PIN 1, BASE 
2. EMITTER 
3. BASE 
4. COLLECTOR 


CASE 332A-01 


NOTES: 
PDI 1S DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


[#[0.76(0.030 @] tT] A@) © 


3. ET] IS SEATING PLANE. 

4. DIM K APPLIES 2 PLACES. 

5. DIMENSIONING AND TOLERANCING 
” PER ANSI Y 14.5, 1973. 


aoe 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4. COLLECTOR 


MRF1004MA, MRF1004MB, MRF1004MC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Se 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage V(BR)CEO | 
| (Ic = 5.0 mAdc, Ip=0) : | 
Collector-Emitter Breakdown Voltage | | _V(BR)CES 
(ic = 5.0 mAdc, Vge = 0) | | 
Collector-Base Breakdown Voltage | V(BR)CBO 
(Ic = 5.0 mAde, IE = O) | 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(Ig = 1.0 mAde, Ic = 0) | | | 
Collector Cutoff Current | 
-  (Vcep = 35 Vdc, Ig = 0) — 


ON CHARACTERISTICS a 
DC Current Gain 


= 5.0 Vdc) 


(lq = 75 mAdc, V 


CE. 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 35 Vdc, Ie = O, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 ys, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 35 Vde, Pout = 4.0 W pk, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 35 Vdc, Pout = 4.0 W pk, f = 1090 MHz) 


Load Mismatch 
(Vac = 35 Vdc, Put = 4.0 W pk, f = 1090 MHz 
VSWR = 10:1 All Phase Angles) — 


No Degradation in Power Output 


FIGURE 1. 1090 MHz TEST CIRCUIT 


+ 
Vec = 35 Vde 
RF RF 
ne OUTPUT © 


L1, L2 — 3 Turns #18 AWG, %” ID 

Ci — 0.1 uF 

C2, C4 — 220 pF Chip Capacitor 

C3 — 20 pF, 50 V Electrolytic 

Board Material — 0.031” Thick Glass Tefton 

Z1-Z6 Distributed Microstrip Elements — See Figure 9 


MOTOROLA RF DEVICE DATA 
3-827 


MRF1004MA, MRF1004MB, MRF1004MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


TT | 


z & 7.0 tp = 10 us 
5 a | — Pin = 650 mW pk 
: a Ty 
: : pf] ty 
=> a. 
=> jan) 
a ORE eat 
2 S es 
_3 ae 9.0 es 
: Pf tt | rr 
| jp 
150 250 350 450 550 650 960 1090 1215 
Pin, INPUT POWER (mW pk) . f, FREQUENCY (MHz) 
_ FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


Pout, OUTPUT POWER (W pk) 
Gpp, POWER GAIN (aB) 


Pout = 4.0 W pk 


960 1090 1215 
f, FREQUENCY (MHz) 


MHz Ohms Ohms — Ohms 
seo [sors] ws-26 (| ms-po 
Prose | tories | tess | sta 


*Zo. = Conjugate of the optimum load impedance into which the device 
output operates at a given output power, voltage and frequency. 


MOTOROLA RF DEVICE DATA 
3-828 


MRF1004MA, MRF1004MB, MRF1004MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL LONG PULSE PERFORMANCE 


f= 1090 MHz 


i 


- MREIO04M > 
@ cRr 9@ 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-829 


MOTOROLA 


" TECHNICAL DATA 
MRF1008MB 
MRF1008MC 


| 8.0W PEAK 960-1215 MHz 


MICROWAVE POWER 
— TRANSISTOR 


MICROWAVE PULSE POWER TRANSISTOR NPN SILICON 


... designed for Class B and C common-base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


@ Guaranteed Performance @ 1090 MHz, 35 Vdc 
Output Power = 8.0 Watts Peak oe 
Minimum Gain = 10 dB 


MRF1008MA 


-@ 100% Tested for Load Mismatch at All Phase Angles aS 
with 10:1 VSWR) CC a = 


oe 
7 


Industry Standard Package . 

@ Nitride Passivated cee ep LES 
@ Gold Metallized, Emitter Ballasted for Long Life and — 
Resistance to Metal Migration = oe 
Compatible with Other 1008M Types — 

Internal Input Matching for Broadband Operation | 


le 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4. COLLECTOR 


ee. 


E 

1. DIM 1S DATUM. 

2. POSITIONAL TOLERANCE FOR 
LEADS: 


@_0.76(0.030)@[ TI] 8 ] 

3. IS SEATING PLANE. 

4. DIMENSION K APPLIES 
TWO PLACES, 

5, DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Current — Continuous CASE 332-01 


Total Device Dissipation @ Tc = 25°C (1) 


Derate above 25°C. 


Characteristic . 


Thermal Resistance, Junction to Case (2) ~ 


STYLE 1: 


(1) These devices are designed for RF operation. The total device dissipation rating PIN 1. BASE 
applies only when the devices are operated as RF amplifiers. 3 BASE 


(2) Thermal Resistance ‘is determined under specified RF operating conditions by — | 4. COLLECTOR 


infrared measurement techniques. 


MRF1008MC ey NOTES: . 
ml oe : 1. DIMENSIONS R AND U ARE DATUMS AND TIS 
DATUM SURFACE AND SEATING PLANE, 
2. POSITIONAL TOLERANCE FOR'MOUNTING HOLES: |. 


6 0.38 (0.015) @T] U@]R @| 
3. DIMENSIONING AND TOLERANCING PER ANSI 
14.5, 1973. ; 


1. DIM IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


0.76 (0.030) @] TL A@| 
3. ET-] IS SEATING PLANE. 
4. DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING 
PER.ANSI Y 14.5, 1973. 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


CASE 332A-01 


CASE 361A-01 irae ansr ean og 
Wear se | O62 Be “a5 NOM] 


45° NOM 


MOTOROLA RF DEVICE DATA 


3-830 


MRF1008MA, MRF1008MB, MRF1008MC _ 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | : . 2 : 
[ve [wx [ae] 
OFF CHARACTERISTICS __ : | , * ? | 


Collector-Emitter Breakdown Voltage | 
(Ic = 5.0 mAdc, Ip = 0) : 


Collector-Emitter Breakdown Voltage 
(Ic =.5.0 mAdc, VpE = 0) 


Collector-Base Breakdown Voltage 


(Ic = 5.0 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 1.0 mAdc, I¢ = 0) 


Collector Cutoff. Current 
(VcB = 35 Vdc, ig = 0) 


~ ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 35 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle =1%) 


Common-Base Amplifier Power Gain 
(Vcc = 35 Vdc, Pout = 8.0 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 35 Vde, Poyt = 8.0 W Peak, f = 1090 MHz) 


Load Mismatch No Degradation in Output Power 
(Vcc = 35 Vdc, Poyt = 8.0 W Peak, f= 1090 MHz, 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


RF tnput RF Output. 


C1, C2 — 220 pF 100 mil Chip Capacitor L1, L2 —.3 Turns #18 AWG, 1/8” ID 
C3 — 0.1 WF 
C4 — 10 HF/50 V Electrolytic Capacitor 


21 — Z8 ~— Microstrip, See Photomaster * 
Board Material — 0.031’ Glass Tefion, e, = 2.5 


MOTOROLA RF DEVICE DATA 
3-831 


MRF1008MA, MRF1008MB, MRF1008MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER =; FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout- OUTPUT POWER (WA*TS pk) 
Pout, OUTPUT POWER (WATTS pk) 


Piy, INPUT POWER (mW PEAK) . f, FREQUENCY (MHz) | 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


10 7 


Gpp, POWER GAIN (dB) 


CATT ANE 


960 1090 1215 
Vcc, SUPPLY VGiTAGE (VOLTS) f, FREQUENCY (ivitzz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


Vec=35V 
Py = 8.0 W pk 


f Zin | *Zor 
MHz Ohms Ohms 
| g60 | 1.5+j13 | 17~j16 


| 1090 | 2.0+)17 | 20 ~ [18.5 | 
3.0 + j20 


*Zo = Conjugate of the optimum load impedance into 
which the device operates at a given output 
power, voltage, and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-832 


MRF1008MA, MRF1008MB, MRF1008MC 


FIGURE 7—1090 MHz TEST AMPLIFIER 


FIGURE 8— TYPICAL LONG PULSE PERFORMANCE 


Pout = 8.0 W peak 
Vcc=35 Vv 
tp=1ms 

D= 10% 

f = 1090 MHz 


MRF1I008M 
1090 MHZ ; 
TEST. CIRCUIT 


© Soldered Eyelet 


MOTOROLA RF DEVICE DATA 
3-833 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MRF1015MA 
MRF1015MB 
MRF1015MC 


MICROWAVE POWER 
TRANSISTOR 


MICROWAVE PULSE POWER TRANSISTOR 


NPN SILICON 


... designed for Class B and C common base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. 


MRF1015MA 


® Guaranteed Performance @ 1090 MHz, 50 Vdc | 
Output power = 15 Watts Peak 
Minimum Gain = 10 dB ~ 


@ 100% Tested for Load Mismatch at:All Phase Angles 
with 10:1VSWR | 


~ @ Industry Standard Package 


W 


onion 


d) 


STYLE 1: 
PIN 1. BASE 
- 2. EMITTER 
3. BASE - 
4. COLLECTOR 
e 


® Nitride Passivated — e 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration’ oe 


@ Compatible with Other 101 5M Types 


Bra beatae Pret RA membinm Emew Dea nnth anal Dn nentinn ee ae 
we TIS lial tl yu IVIGLULTELI ty tui Orvauvaltu YWVPClalivtit 
: _ DIM 
as 75 2. POSITIONAL TOLERANCE FOR 
- - ADS: 
MAXIMUM RATINGS | 8 | 6.20] 6.50 | Le] 0.76(0.030)@] TT] B® | 
|G | 16.26] 16.76 z 
3. IS SEATING PLANE. 
| O | 495] 5.21 | 4. DIMENSION K APPLIES 
a | pee Tee | TWO PLACES. 
io yaa . §. DIMENSIONING AND TOLERANCING 
j; Collector-Emitter Voltage rs | 0.08] 0.18 | PER ANSI Y 14.5, 1973. 
Collector-Base Voltage LK [1524] —_| 0. 
ea CASE 332-03 
itter- ; ck - 
Emitter-Base Voltage | VEBO rw | 457] 622 [0 


Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


5MB. 


L 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (2) ReJc 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 7 

(2) Thermal Resistance is determined under specified RF operating conditions by 

infrared measurement techniques. 


STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4. COLLECTOR 


"NOTES: 


1. DIM iS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


0.76 (0.030) @| TL A@| 

3. ET] IS SEATING PLANE. 

4. DIM K APPLIFS 2 PLACES. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


: . “NOTES: 
MRF1015MC a 1, DIMENSIONS R AND U ARE DATUMS AND TIS A 
: DATUM SURFACE AND SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


A 0.38 (0.015) @[T] U @[R @| 
3. DIMENSIONING AND TOLERANCING PER ANSI 
14.5, 1973. an 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


CASE 332A-01 


| OF | 0.135 | 
CASE 361A-01 : ioe Reet oseot nae 
[LV] 14.27 6SC__| 0,562 BSC_| 


MOTOROLA RF DEVICE DATA 


(3-834 


MRF1015MA, MRF1015MB, MRF1015MC 


ELECTRICAL CHABACTERISIIES (Tc = 25°C unless otherwise noted) 


a 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 10 mAdc, Vgeg = 0) 

Collector-Base Breakdown Voltage ic / . ‘ViBR)CBO 
(Ic = 10 mAdc, ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAdc, Ic =-0) | | 


Collector Cutoff Current 
(Vcp = 50 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 250 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 50 Vac, Ig = 0, f= 1 O MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us; Duty Cycle = 1%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vdc, Pout = 15 W Peak, f = 1090 MHz) 


Collector Efficiency 
_ (Vcc = 50 Vdc, Pout = =15 Ww Peak, f = 1090 MHz) 


Load Mismatch ' No Degradation in Power Output 
(Vcc = 50 Vde, Pout = 15 W Peak, f = 1090 MHz) ; 
(VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


pa 
50 Vdc 


+ 


L1 L2 


RF Input | | mes C1 : RF Output” 
oo gus sf, | 23 | | al O 


C1, C2 — 220 pF 100 mil Chip Capacitor — 
C3 — 0.1 pF | 
C4 — 47 pF/75V Electrolytic Capacitor 
L1, L2 — 3 Turns #18 AWG, 1/8” 1D 
Z1-Z8 — Microstrip, See Photomaster, Figure 8 
Board Material — 0.032” Glass Teflon 

=2.5 . 


MOTOROLA RF DEVICE DATA 
3-835 


MRF1015MA, MRF1015MB, MRF101SMC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout. OUTPUT POWER (WATTS pk) 
Pout) OUTPUT POWER (WATTS pk) 


0 0.3 0.6 (0.9 1.2 1.5 
| P;,, INPUT POWER (WATTS pk) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 


Pout. OUTPUT POWER (WATTS pk) 
Gpg, POWER GAIN (dB) 


960 1090 1215 


Vcc. SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 


> ECEEEH OFA - 
ry -i5.0 Coy HEH 45.0FTD 


7 Pout=15Wpk Vcc =50V 
Cea EEE 


tp=10us D=1% 


ee as Coo 
woe PEELE lea 
Zot gcencunactiitiae 3 _ 
g OS a ecenceaaaaiitite Seo | _soriise [125-118 
SSS aE pais | soejes | vat-i00 
OOS OIE j eee sarees 
OOS EE - ZoL = Conjugate of the optimum load impedance 
SSK is < into which the device output operates at a 
SOS 4 eet 8 given output power, voltage and frequency. 
SSS ST p00 
SSeS 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-836 


MRF1015MA, MRF1015MB, MRF1015MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


— 1090 MHz TEST CIRCUIT 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT 


MRF1O1ISM 


1090 MHZ 


“TEST 


CIRCUIT 


© Soldered Eyelet 


Q4 


40 Screw Placement 


igina 


of the or 


75% 


IS 


lit Board shown i 


ircu 


ted Ci 


mn 


The Pr 


NOTE 


MOTOROLA RF DEVICE DATA 


3-837 


MOTOROLA 


i SEMICONDUCTOR 
TECHNICAL DATA | 


| 
hom 
1Q 
| 
inale 


MICROWAVE PULSE POWER TRANSISTOR 


... designed for Class B and C common-base amplifier applications 
in short and long pulse TACAN, IFF, DME, and radar transmitters. — 
® Guaranteed Performance @ 1090 MHz, 50 Vdc _ | 
Output Power = 35 Watts Peak 
Minimum Gain = 10 dB 
@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 
Industry Standard Package 
Nitride Passivated 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration . 


Compatible with Other 1035M Types 
internal Input Matching for Broadband Operation 


MAXIMUM RATINGS | 7 
| Voces — 


Total Device Dissipation @ Tc = 25°C(1) 
Derate above 25°C 


THERMAL CHARACTERISTICS 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. oe 

(2) Thermal Resistance is determined under specified RF operating conditions b 
infrared measurement techniques. oe 


MRF1035MC 


1. DIMENSIONS R AND U ARE DATUMS AND T ISA 
DATUM SURFACE AND SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


6 0.38 (0.015) @|T| U@|R @| 
3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3, BASE 


CASE 361A-01 


3-838 


MRF1035MC 


‘MRF1035MA 
MRF1035MB 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON 


MRF1035MA 


STYLE 1: 


PIN 1, BASE 
2. EMITTER 
3, BASE 
4, COLLECTOR 


NOTES: 


0.300 1. DIM IS DATUM. 
: 2. POSITIONAL TOLERANCE FOR LEADS. 


02 [+] 076100307 @[i]e @) 


3. ET-] 1S SEATING PLANE. 


4, DIMENSION K APPLIES TWO PLACES. 


Y 14.5, 1973. 


CASE 332-04 


Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case) | Rac | 50. | cw _| 


MOTOROLA RF DEVICE DATA 


MRF1035iMB 


STYLE 1: 
PIN 1, BASE 
2. EMITTER 
3. BASE 


4. COLLECTOR 


NOTES: 
1. DIM IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


0.76 (0.030) @[ TTA@] 

3. iS SEATING PLANE. 

4. DIM K APPLIES 2 PLACES. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


CASE 332A-01 


& DIMENSIONING AND TOLERANCING PER ANS! 


MRF1035MA, MRF1035MB, MRF1035MC 


ELECTRICAL SHABACIERISUC® (Tc = 25°C unless otherwise noted) 


| Collector-Emitter Breakdown Voltage 


ea re 
(Ic = 20 mAdc, VBE = 9) 
lig. 20 mAdc, IE = 0) 
Sn a 
es 2.0 mAde, Ic = 0) 
hl 
(Vop = 50 Vde, I! = 0) 
ON CHARACTERISTICS 


DC Current Gain - 
(I¢ = 500 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


OFF CHARACTERISTICS 


Output Capacitance — 


(Veg = 50 Vide, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1%) 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Poyt = 35 W Peak, f = 1090 MHz) 


Collector Efficiency 


(Vcc = 50 Vde, Poyt = 35 W Peak, f = 1090 MHz) 
Load Mismatch No Degradation in Output Power 
(Vcc = 50 Vdc, Pout = 35 W Peak, f = 1090 MHz, ; 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


C1, C2 — 220 pF 100 mil Chip Capacitor Z1—2Z10 — Microstrip, See Photomaster 
C3 — 0.1 UF Board Material —.0.031°’ Glass Teflon 


C4 — 10 uF/75 V Electrolytic €p = 2.5 
L1, L2 — 3 Turns #18 AWG, 1/8" ID leds tne 


MOTOROLA BF DEVICE DATA 
3-839 


MRF1035MA, MRF1035MB, MRF1035MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


50 —— 
f = 960 MHz: , 
| | [soma tot 
| li” |. 


Pout, QUTPUT POWER (WATTS pk) 


Pout, QUTPUT POWER (WWATTSpk) 


0 1.0 “2.0 3.0 4.0 50 


Pin, INPUT POWER (WATTS pk) . . f, FREQUENCY (MHz) © 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | FIGURE 5 — POWER GAIN versus FREQUENCY 


Pout, OUTPUT POWER (WATTS pk) 
Gpg, POWER GAIN (dB) 


2 °~.~Ct«~«<C«*CS 40 50 960 1090 1215 


7 Voc , SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES 
WAY, 
0-493 9 0.0; ELENGTHS 


= 
“aol 


Pout =35WPk Veg =50V 


- tp=10us D=1% 
f 
MHz 


960 3.8+j82 | 75-~j3.3 
1090 6.0+j 8.2. 9.0+j0 
1215 42+j57 | 94+j17 


*ZOL = Conjugate of the optimum load 
impedance into which thie ‘device operates 
at a given output power, voltage, and 
frequency. 


MOTOROLA RF DEVICE DATA 
3-840 


MRF1035MA, MRF1035MB, MRF1035MC 


ee eo ae FIGURE 7 — 1090 MHz TEST AMPLIFIER 


" MREIO35M 
TEST. CIRCUIT 


© Soildered Eyelets | e | 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-841 


MOTOROLA 
= SEMICONDUC?P: Ray 
TECHNICAL DATA | | 


MRF1090MA 
MRF1090MC 


SO W PEAK, 960-1215 MHz 


~ MICROWAVE POWER 


MICROWAVE PULSE POWER TRANSISTOR | JRBNS STOR 


... designed for Class B and C common base amolifier applications 
in short pulse TACAN, IFF, and DME transmitters. 


MRF1090MA 


: a ‘ 2. by} 
® Guaranteed Performance @ 1090 MHz, 50 Vdc | elie asia un LEER oes 
Output power = 90 Watts Peak Ma, Sa ee [a _| 7.01| 7.62 | 0.276] 0.300 | 


Minimum Gain = 8.4 dB. ytd soe Sc -o wee] 6. onan ome 
® 100% Tested for Load Mismatch at All Phase Angles * oe 
with 10:1 VSWR | % oa aee, © a 


@ Industry Standard Package 
® Nitride Passivated 


@ Gold Metallized for Long Life and Resistance to . oe . qd No 


TES: ie 3. (-f] 1S SEATING PLANE. 
. . 1. DIM IS DATUM. 4. DIMENSION K APPLIES 
Metal Migration ~ 9° POSITIONAL TOLERANCE FOR TWO PLACES. 
. . E 7 5. DIMENSIONING AND TOLERANCING 
@ Compatible with Other 1090M and 1075M Types [é1_0.76(0.030)@] 7 | 8) PER ANSI Y 14.5, 1973. 


@ Internal Input Matching for Broadband Operation 


| , : ee | “STYLE: 
PIN 1. BASE 


MAXIMUM RATINGS 2. EMITTER 


. 3. BASE 
a or? 4. COLLECTOR 


| Symbol_| value | 
| Collector-Base Voltage — Pea li 


Emitter-Base Voltage .— 


Collector-Current— Peak (1) ae ae Pee ee 
Peak Device Dissipation @ Tc = 25°C (1) (2) 
Derate above 25°C. 


Storage Temperature Range (-65to+150 | °C. 


4 


MRF1090MB 
- CASE 332A-01 


(1) Pulse Width = 10 ps, Duty Cycle = 1%. ee “ 
(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers. 


"NOTES: i a oe 
— 1: DIM’ GAZ]. 1S DATUM. - STYLE 1: 
2. POSITIONAL TOLERANCE FOR LEADS: PIN 1. BASE 


[e076 0.030, @] TA] 2. EMITTER 


3. EE] Is SEATING PLANE. : so ere 
4. DIM K APPLIES 2 PLACES. 
5. DIMENSIONING AND TOLERANCING 

PER ANSI Y 14.5, 1973. 


(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. oo es Ses ee ee is 


NOTES: © = 
1. DIMENSIONS R AND U ARE DATUMS AND TIS A 


DATUM SURFACE AND SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


. velro] 


3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 


STYLE}: 
PIN 1, COLLECTOR 

2. EMITTER 

3, BASE 


CASE 361A-01 eR mofanas) 20st areal oat] 


| VI 14.27 BSC 0,562 BSC 


MOTOROLA RF DEVICE DATA - 


3-842. 


MRF1090MA, MRF1090MB, MRF1090MC 


ELECTRICAL CHARACTERISTICS (Te= 25°C unless otherwise noted) 


[Character Sabot in [ye [Mex [ot 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
VieRicE0 | 


(Ic = 25 mAdc, Vgg = 0) 


Collector-Base Breakdown Voltage . 
(I¢= 25 mAdc, IE-= 0) 
Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, Ic = 0). 
Collector Cutoff Current’ 
(VcB = 50 Vdc, IE = 0) 


_ON CHARACTERISTICS 
DC Current Gain* 
(Ic = 2.5 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp ='50 Vde, Ig = O, f = 1.0 MHz) 
FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 
| Common-Base Amplifier Power Gain. 
(Vcc = 50 Vdc, Pout = 90 W pk, f = 1090 MHz) 
Collector Efficiency . | 
(Vcc = 50 Vdc, Pout = 90 w pk, f= 1090 MHz) 


Load Mismatch a No Degradation in Power Output . 
(Vcc = 50 Vdc, Poyt = 90 W pk, f = 1090 MHz) . = . mn 
VSWR = 10:1 All Phase Angles) 


* 80 us Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT © 


RF 


RF . oo 
Output 


| Input 


C1, C2 — 220 pF Chip Capacitor, 100-mil ATC 
C3 — 0.1 uF 
C4 — 47 uF, 75 V 
L1, L2 — 3 Turns, #18 AWG, 1/8” ID 
Z1-Z9 — Distributed Microstrip Elements — See Figure Qo 
Board Material — 0.031” Thick: Glass Teflon, 
=2.5 


MOTOROLA RF DEVICE DATA 
3-843 


MRF1090MA, MRF1090MB, MRF1090MC 


Pout: QUTPUT POWER (WATTS pk) 
Pout QUTPUT POWER (WATTS pk) 


Pin, INPUT POWER (WATTS pk) ' f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE . . FIGURE 5 — POWER GAIN versus FREQUENCY 


120 
a 
Ed 
= 
as 


Pout OUTPUT PCIWER (WATTS pk) 
Gpp, POWER GAIN (dB) 


Vec. SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Pout 90 Wpk Vcc = 50V 
tp=10 us D=1% 


ZoL" 

Ohms 
|. 960 2.8 + j13.2 7.6 + j3.5 
1090 7.4 + 11.4 7.6 + j4.0 


1215 | 4.74+]7.5 7.7 +j4.5 | 


= 
a, 

L] 

Lf 


*Zo_ = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-844 


MRF1090MA, MRF1090MB, MRF1090MC | 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Pout = 90 W pk 
Vec = 50V 
tp = 10 ps 
D=1% 

f = 1090 MHz 


o | . 7 oO. - 


MREIO9OM 


-o “ TEST-CIRCUIT 


1c) Soldered Eyelet | 
© 4-40 Screw Placement 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA. 
3-845 


MOTOROLA 
f= SEMICONDUCTOR a 


TECHNICAL DATA | MRF1150M 


150 W PEAK, 1020-1150 MHz 


MICROWAVE POWER 
TRANSISTOR 


MICROWAVE PULSE POWER TRANSISTOR 


NPN SILICON 


... designed for Class B and Ccommon base amplifier applications 
in short pulse TACAN, IFF, and DME transmitters. 
@ Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 150 Watts Peak 
Minimum Gain = 7.8 dB 
® 100% Tested for Load Mismatch at All Phase Angles with 
10:1 VSWR 
@ Industry Standard Package 
@ Nitride Passivated 
@ Gold Metallized for Long Life and Resistance to Metal Migration 
@ Compatible with Other 1150M Types 
@ Internal Input and Output Matching for Broadband Operation 
: 


Collector-Current — Peak (1, 2) 


Peak Device Dissipation @ Tc = 25°C (1, 2) 583 . Watts 
Derate above 25°C 23.38 W/°C 


STYLE 2. 
PIN 1, COLLECTOR 
2. EMITTER 
3, BASE 


NOTES: 
1. DIMENSIONS[-A-] AND[-B-] ARE 
DATUMS. 
2. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 


|| .76(0.030) @/ TL A @]B @| 

3. IS SEATING PLANE, 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


MILLIMETERS| INCHES | 


(1) Pulse Width = 10 us, Duty Cycle = 1%.° 

(2) These devices are designed for RF operation. The total device dissipation rating applies. : 
only when the devices are operated as RF short pulse amplifiers. 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 

measurement techniques. 


MOTOROLA RF DEVICE DATA 


3-846 


MRF1150M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)» 


ee | ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Vpe = O) 


Collector-Base Breakdown Voltage 
(I¢ = 50 mAdc, Ig = O) 


Lead ta SE a el 
Bel od ea ie a 
Nac a Pa a 
ic eld an 


Emitter-Base Breakdown Voltage 
(I— = 5.0 mAdc, I¢ =.0). 


Collector Cutoff Current. 
(VcB = 50 Vdc, Ig = O) 
ON CHARACTERISTICS 


DC Current Gain* 
(Ic = 5.0 Adc, Vcg = 5.0 Vdc) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Poyt = 150 W pk, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 


Load Mismatch | No Degradation in Power Output ~ 
(Vcc = 50 Vdc, Pout = 150) Ww Bk f = 1090 MHz, 
’ VSWR = 10:1 All Phase Angles) 


*80 us Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


RF . = RF 
Input : ; : Output 
Nal 


C1, C2 — 150 pF 

C3 — 0.1 pF/100 V 

C4 — 47 ypF/75 V, Electrolytic 

Z1-Z15 — Distributed Microstrip Elements 

Board Material — 0.0031” Thick Teflon-Fiberglass. 
= 2.55 


MOTOROLA RF DEVICE DATA 
3-847 


MRF1150M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


~ 250 
ptt tT TPE TT Pt 
SSS0000" 700000 
ee Os 


a AT TE SA Re 


Fut, OUTPUT POWER (WATTS-pk) 


Pout. QUTPUT POWER (WATTS-pk 
mn 
| Th 
~ 


020 ~ 7090 1150 
f, FREQUENCY (MHz} 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 


250 


|| Pout = 150 W pk || 


Vec = 50 V 


Pout, OUTPUT POWER (WATTS-pk) 
Gpp, POWER GAIN (dB) 


f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Pout = 150 W-pk Vec = 50V 
tp=10 us D=1% 


f Zin Zo" 
MHz Ohms Ohms 


1020 1.85 + j6.6 4.6 + j9.4 
1090 3.5 + j5.7 5.3 + j8.1 
1150 4.4 + j4.8 5.2 + 9.7 


“Zo = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


PPAF 
6.0/7.08.0-9,010.0 
CUPP Coa 


(=) 


tik Yo 


3-848 


MRF1150M 


FIGURE 7 — OUTPUT POWER, INPUT VSWR, 
POWER GAIN versus FREQUENCY 


pee ee ees eae 


coer Gre ei 
a pe ee eats Pout elles : 
Sele les eae IT ,3 
eels Weel edi or exe i om 
ay, Seal (a ee ee ee ee = 8.0 = 
ele ee 7 
Wee eee re 
3 ate swe 1.4 z 
oe Oe ee : 
aa heime Lo = 
1020 1090 1150 
, f, FREQUENCY 


FIGURE 8 — 1090 MHz TEST CIRCUIT 


FIGURES — 1090 MHz PHOTOMASTER 


 MREVSOM os QR -@° - MRF VISOM: 
ANU Ss ES IMB RS OUTPUT 


MOTOROLA RF DEVICE DATA 
R-RAQ 


MOTOROLA 


SEMICONDUCTOR Sam 
TECHNICAL DATA 


MRF1150MA 
-MRF1150MB 
_ MRF1150MC 


150 W PEAK, 960-7215 Miz 


MICROWAVE POWER 


MICROWAVE PULSE POWER TRANSISTOR TRANSISTOR 


NPN SILICON 


a designed for Class B and C common base amplifier applications 

in short pulse TACAN, IFF, and DME transmitters. . 

| | MRF1150MA 

® Guaranteed Performance @ 1090 MHz, 50 Vdc CASE 332-01 MILLIMETERS! INCHES 
Output power = 150 Watts Peak . | Ta [7.01] 762 | 
Minimum Gain = 7.8 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR 


Industry Standard Package 


Papin) 


@ Nitride Passivated 


x 


®@ Gold Metallized, Emitter Ballasted for Long Life and 


Resistance to: Metal Migration — eyed. 
7 “PINT. 


© Compatible with Other 1150M Types 


® Internal Input Matching for Broadband Operation 


NOTES: 
- - . DIM iS DATUM. 
; . POSITIONAL TOLERANCE FOR 
MAXIMUM RATINGS . LEADS: 
SS SR ges ae pore rare ; ars . #1 0.76(0.030)@| FT a@ | 
3. iS SEATING PLANE. 
. DIMENSION K APPLIES 
TWO PLACES. o 
. DIMENSIONING AND TOLERANCING 
PER ANSI Y 14.5, 1973. 


Rating 
Collector-Base Voltage 
| Emitter-Base Voltage 


Peak Device Dissipation @ Tc = 25°C (1) (2) 
Derate above 25°C 


MRF1150MB _~ 
| CASE 332A-01 


| (1) Pulse Width = 10 ws, Duty Cycie=1%. 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers. 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 


measurement techniques. 450 NOM 


NOTES: 
1. DIM IS DATUM. 
2, POSITIONAL TOLERANCE FOR LEADS: STYLE 1: 


{ # | 0.76 (0.030) @| T] A@| PIN 1. BASE 

3. ET] Is SEATING PLANE. 7 pee 

4. DIM K APPLIES 2 PLACES. . eae 

5. DIMENSIONING AND TOLERANCING - COLLECTOR 
PER ANSI Y 14.5, 1973. 


“NOTES: : ate 
MRE1150MC 1, DIMENSIONS R AND U ARE DATUMS AND T ISA 
DATUM SURFACE AND SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR MOUNTING HOLES: 


A 0.38 (0.015) @|T| U@|R @| 
3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 


STYLE 1: 
PIN 1, COLLECTOR 
2. EMITTER 
3. BASE 


CASE 361A-01 Sma 
E [wT 20.06[ 20.67 [0.790/ 0.810 | 
vi 14,2788c | 06628SC_| 


MOTOROLA RF DEVICE DATA 


To el a 


MRF1150MA, MRF1150MB, MRF1150MC 


ELECTRICAL CHARACTERISTICS (c= 25°C unless otherwise noted) _ 


SSS CN TL 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage i ae ae ee ae 

|. (Ic = 50 mAdc, Vpe = 0) 

‘Collector-Base Breakdown Voltage re ee ee ee ae 

Emitter-Base Breakdown Voltage vanes [eT Tl | 

(IE = 5.0 mAde, Ic = 0) , | 

Frege Pe 

(Vcp = 50 Vdc, Ig = 0) ; 


~ (I¢ = 50 mAdc, ig = 0) 


ON CHARACTERISTICS 
DC Current Gain* 


(I¢ = 5.0 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS. 
| Output Capacitance 
(VcB = 50 Vdc, Ig = O, f = 1.0 MHz) : 
FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 
Common-Base Amplifier Power Gain 
| (Voc = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 
Collector Efficiency 
(Vcc = 50 Vdc, Pout = 150 W pk, f = 1090 MHz) 
Load Mismatch 
(Voc = 50 Vde, Poyt = 150 W pk, f= 1090 MHz) 
VSWR = 10:1 All Phase Angles) 


*80 us Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


RF 
Output 


C1, C2 — 220 pF Chip Capacitor, 100-mil ATC 
C3 — 0.1 nF/100 V 
C4 — 47 wF/75 V Electrolytic 
L1, L2 — 3 Turns, #18 AWG, 1/87 ID . 
Z1-Z10 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031” Thick Teflon- Fiberglass, 

=2.5 


MOTOROLA RF DEVICE DATA 
3-851 


MRF1150MA, MRF1150MB, MRF1150MC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


so ee a 


z z 
S | | . 
eC Pry 
© 199+} = 
S| J : 
s a 
= 50 4 = 
= — 
‘4 Y 
Face ser 
0 5.0 10 15 20 25 960. 1080 } 7215 
Pin INPUT POWER (WATTS pk f FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | FIGURE 5 — POWER GAIN versus FREQUENCY 
f= 1090 MHz . Hf} | su staaae 
_ tp = 10 us ae! 
2 CERES 
E . ae 
: 2 
Ay ae ee eee 
ane EE 
: 7 a a a i I 
: Pr ac ee ae (a ee 
[a : 
0 4.0 
0 50 10 15 20 25 30 35 40 45 50 960 1080 1218 
Voc, SUPPLY VOLTAGE (VOLTS) , | f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/ OUTPUT IMPEDANCE 


& | > fe | 
PHA 7 “tN Pout = 150 W pk Vcc = 50V 
tp=10 us D=1% 


er f Zi Zou" 
HH NiHz Ohms ohms 
+ g60 | 1.5 +j9.6 2.6 + j4.1 
Bee 1090 5.0 +j7.5 2.7 + j4.6 
1215 2.4 +j5.6 2.8 + 5.3 


“Zo. = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


MOTOROLA RF DEVICE DATA 
3-852 


MRF1150MA, MRF1150MB, MRF1150MC 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Pout = 150 W pk 


vor VP Ee 
tp = 10 ys : 
a a a 


Scale — 2.0 ns/Div 


_ FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


° + 


MRFIISOM 
) TEST CIRCUIT 


© Soldered Eyelet 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-853 


MOTOROLA 
SEMICONDUCTOR mum 
TECHNICAL DATA 


MRF1250M 


MICROWAVE POWER 


TRANSISTOR 


| 
250 W PEAK, 1020-1150 MHz 
MICROWAVE PULSE POWER TRANSISTOR 


... designed for Class BandC common base amplifier applications NEN orien 


in short pulse TACAN, IFF, and DME transmitters. 


® Guaranteed Performance @ 1090 MHz, 50 Vde | 
Output Power = 250 Watts Peak . 
Minimum Gain = 6.0 dB 


®@ 100% Tested for Load Mismatch at All Phasé Angles with 
10:1 VSWR ea 

@ Industry Standard Package 

® Nitride Passivated 

@ Gold Metallized for Long Life and Resistance to Metal Migration 

© Compatible with Other 1250M Types , 

® Internal Input and Output Matching for Broadband Operation 


MAXIMUM RATINGS 
. Rating 
Collector-Base Voltage | 


Emitter-Base Voltage . - —_ 
STYLE 2. 


PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


Collector-Current — Peak (1, 2) 


Peak Device Dissipation @ Tc = 25°C (1, 2) 
Derate above 25°C NOTES: 
1. DIMENSIONS(-A-] AND[-B-] ARE 
DATUMS, 
2. POSITIONAL TOLERANCE FOR 


MOUNTING HOLES: 


3. IS SEATING PLANE. 
4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


Storage Temperature Range 


THERMAL CHARACTERISTICS 
. Characteristic 
Thermal Resistance, Junction to Case (1,2,3) _ 


(1) Pulse Width = 10 ys, Duty Cycle= 1%. ; *, 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers... oe 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MOTOROLA RF DEVICE DATA 


R-RAA 


MRF1250M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) ~ 
en a oo 
| OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | | a M(BR)CES 
(Ic = 100 mAdc, Vpe_ = 0) 


Collector-Base Breakdown Voltage — - V(BR)CBO 
|. (l¢=100mAde, Ie=0) ae 
Emitter-Base Breakdown Voltage” : se 4 V(BR)EBO 
(le = 10 mAdc, Ie = 0) —_ | 


Collector Cutoff Current 
(Vcp = 50 Vdc, Ig = 0) 


ON CHARACTERISTICS. 


DC Current Gain* . 
(Ic = 10 Adc, Vcg = 5.0 Vde) 


FUNCTIONAL TESTS (Pulse Width = 10 ps, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vdc, Poyt = 250 W pk, f= 1090 MHz) 


Collector Efficiency . 
(Vec = 50 Vdc, Poyt = 250 W pk, f = 1090 MHz) 


Load Mismatch = 7 . No Degradation in Power Output 
(Vcc = 50 Vdc, Pout = 250 W pk, f= 1090 MHz, 
VSWR = 10:1 All Phase Angles) _ 


*80 ys Pulse on Tektronix 576 or equivalent. — 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


Vec = 50 Vde 


C1, C2 — 0.6-4.5 pF Johanson 7271 
C2 C3 — 220 pF Chip Capacitor 
C4 — 0.1 wF/100 V 
C5 — 220 unF/63 V 
_C6 — 43 pF Unelco 3HSO006 | 
L1 — 1 Turn, #18 AWG, 1/8” Diameter 
L2 — 2 Turns, #18 AWG, 1/8” Diameter 
' 21-28 .— Distributed Microstrip Elements — See Figure 9 
Board Material — 0.062” Thick Teflon* “Fiberglass, 
= 2.55 


no 


-*Registered Trademark of DuPont 


MOTOROLA RF DEVICE DATA 
3-855 


MRF1250M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


350 ain ae Ges 
[|| —{ | + ra f= 1020 MHz oy 
ano! pee cnc eerie) Cee _<e MON RAL 


~ 1090 Miz | 
t 3 


a ee eee : 

E oe 

= | E 

fs | je = 2 

= = 

Z = 

= = 

3 5 

Qo. ~ 
2 

0 
0 10 30 50 70 1020 — 1060 1090 1120: 1150 
Pin, INPUT POWER (WATTS-pk) ie —f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 
re Ce 


eee 
= 


Pout = 250 W pk 
Vee = 50V 


tp = 10 us 
D = 1% 


Poyt- OUTPUT POWER (WATTS-pk) 
Gpp, POWER GAIN (dB) 
> 
[om } 


1020 1060 i090.~«~aNCDS~S~S«SCS 


Vcc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/ OUTPUT IMPEDANCE 


tp=10yus D=1% 


a Zin =| ZO" 
MHz Ohms Ohms 
1020 5.2 + j5.2 2.5 + j7.0 
1090 5.2 + j6.2 2.0 + j7.5 
1150 5.5 +57.3— 1.8 + {7.0 


*Zg, = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 


MOTOROLA RF DEVICE DATA 
3-856 


MRF1250M 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE | 


Pout = 250 W pk 
f= 1090 MHz 
Vec = 50 V 

tp = 10 us 
D=1% 


50 W/Div 


‘Scale — 2.0 us/Div 
FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT | 
, a _ | | 

3° /2 — r+) +) 


OUTPUT 


MRF 1250M 


x: CKT 53 r-} 


C) Soldered Eyelet | 
NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-857 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


-MRF1325M 


325 W PEAK, 1020-1150 MHz 


MICROWAVE PULSE POWER TRANSISTOR a ~ MICROWAVE POWER 
| | | TRANSISTOR 


... designed for Class B and C common base amplifier applications . . NPN SILICON 
in short pulse TACAN, IFF; and DME transmitters. 


@ Guaranteed Performance @ 1090 MHz, 50 Vdc 
Output Power = 325 Watts Peak 
Minimum Gain=6.0dB 


@ 100% Tested for Load Mismatch at All Phase Angles with 
10:1 VSWR 


Industry Standard Package 

Nitride Passivated . 

Gold Metallized for Long Life and Resistance to Metal Migration. 
Compatible with Other 1325M Types . . 
Internal Input and Output Matching for Broadband Operation 


l 
2 


MAXIMUM RATINGS 


PN C 
E 
“STYLE 2. . 


PIN.1, COLLECTOR 
2. EMITTER 
Peak Device Dissipation @ Tc = 25°C (1, 2) 3. BASE 
Derate above 25°C oo NOTES: | 
~ 1 DIMENSIONS[-A-] AND[-B-] ARE’ 
~DATUMS. 
2. POSITIONAL TOLERANCE FOR 


MOUNTING HOLES: 


‘(O1-76(0.030) @[ TIAM[B@ 

3. IS.SEATING PLANE. 

4, DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case.(1,2,3). . 


(1) Pulse Width = 10 us, Duty Cycle = 1%. 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF short pulse amplifiers. . . 

(3) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. 


MILLIMETERS 


—_ | MIN | MAX | MIN | MAX 
22.61 | 23.111 0.890 | 0.910 
“1B ].9.65 | 9.91 | 0.380 | 0.390 


Le] 4.06 | 6.84 | 0.160 | 0.230 | 
| | 0.51 | 0.76 | 0.020 | 0.030 | 
Ao | 1.85 | 0.055 | 0.065 | 

; 

6 

| - | 
| 0.410 | 


0.410 


0 
.04 


CASE 336-03 


-MOTOROLA RF DEVICE DATA 


3-858 


MRF1325M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[ _ Characteristic | Symbol | Min | Typ Max . Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ViBR)CES 
(Ic = 100 mAdc, Vpe = 0) . . 


Collector-Base Breakdown Voltage ViBRICBO 
(I¢ = 100 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage ViBR)EBO |. 
(Ig = 10 mAde, Ic = 0). | | | 


Collector Cutoff Current: - ae ICBO 
(Vcp = 50 Vdc, If = O) 


ON CHARACTERISTICS 


DC Current Gain* oe hFE 10° 
(Ic = 10 Adc, Veg = 5.0 Vdc) | | 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain Gpp 60° _ 
(Voc = 50.Vde, Pout = 325 W pk, f = 1090 MHz) 

Collector Efficiency . n 33 — 
(Voc = 50 Vdc, Pout = 325 W pk, f = 1090 MHz) 


Load Mismatch . we No Degradation in Power Output 
(Vcc = 50 Vdc, Poyt = 325 W pk, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 


*80 ws Pulse on Tektronix 576 or equivalent. 


FIGURE 1 — 1090 MHz TEST CIRCUIT 


C1, C2 — 0.6-4.5 pF Johanson 7271 
C3 — 220 pF Chip Capacitor | 
C4 — 0.1 nF/100 V 
C5 — 220 pF/63 V 
C6 — 43 pF Unelco 3HSO006 
L1, L2 — 2 Turns, #18 AWG, 1/8” Diameter 
= Z1-Z8 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.062” Thick Teflon*-Fiberglass, 
ép = 2.55 


*Registered Trademark of DuPont 


MOTOROLA RF DEVICE DATA 
3-859 


MRF1325M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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Pin, INPUT POWER (WATTS-pk) . f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Pout = 325 W-pk Vee = 50V 
tp=10us D=1% 


f Zin Zo." | 
MHz Ohms Ohms 

| 1020 5.2 + j5.2 2.5 + j7.0 

1090 5.2 + j6.2 2.0 + j7.5 


1150 5.5 + 47.3 1.8 + j7.0 


*Zo_ = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage, 
and frequency. 
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MOTOROLA RF DEVICE DATA 
3-860 


MRF1325M 


FIGURE 7 — 1090 MHz TEST AMPLIFIER 


FIGURE 8 — TYPICAL PULSE PERFORMANCE 


Pout = 925 W pk | SS ae 
f = 1090 MHz 
“Vee = 50V AEE EEE 
tp = 10 us. | | 
ue Poe 
tt Et ft tt |] tcowson 


Scale — 2.0 us/Div 


. FIGURE 9 — PRINTED CIRCUIT BOARD LAYOUT — 1090 MHz TEST CIRCUIT 


© Soldered Eyelet 
NOTE: The Printed Circuit Board shown is 75% of the original. ) 


MOTOROLA RF DEVICE DATA 
3-861 


MOTOROLA © | } 
as SEMICONDUCTOR | 
TECHNICAL DATA | MRE1946 


MRF1946A 


| The RF Line | | | 
: 30 W 136-220 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


Designed for 12.5 volt. large- signal power amplifiers in com- 
mercial and industrial equipment. 


@ High Common Emitter Power Gain 


@ Specified 12.5 V, 175 MHz Performance 
_ Output Power = 30 Watts 
Power Gain = 10aB |... 

Efficiency = 60% 
Diffused Emitter Resistor Ballasting 
Characterized to 220 MHz | eee Rote PIN EMITTER 


2, BASE 
3. EMITTER 
4. COLLECTOR 


@ 


Load Mismatch at High Line and Overdrive Conditions - 


~ SEATING PLANE 


MILLIMETERS INCHES 

MIN MAX 
0.960 | 0.990 
| 0,370 | 


4 
= 


| NPN SILICON POWER TRANSISTOR 


Iriel la 


CASE 211-07 
MRF1946 


MAXIMUM RATINGS 


Collector-Emitter Voltage = VCE | i 
— a , 


Collector Current — - Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


B 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Junction Temperature 


THERMAL CHARACTERISTICS _ 


Characteristic 


Thermal Resistance, Junction to Case R@Jc | 47 [ecw 


CASE 145A-09 
MRF1946A 


0.098 | 0.132 


- MOTOROLA RF DEVICE DATA 


3-862. 


MRF1946, MRF1946A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. ) 


Characteristic 


OFF S CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 25 mAdc, Ip:= 0) — 


-Collector-Emitter Breakdown Voltage 
(I¢ = 25 mAdc, Vee = 0) 


| Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, Ic = 0) - 


Collector Cutoff Current 
(VCE = 15 Vde, Vee =.0, Tc = 


ON CHARACTERISTICS | 


DC Current Gain 
{Ice = 1.0 Adc, Vce =. 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vop = 15 Vde, Ie = 0,f = 1.0 MHz) | 
FUNCTIONAL TESTS | 


Common-Emitter Amplifier Power Gain oy 
(Vcc = 12.5 Vde, Pout = = 30 W, f = 175 Mie) 


Collector Efficiency eg 
(Vcc = 12.5 Vde, Pout =.30 W, f = 175 MHz) 


Load Mismatch 
(Vcc = 15.5 Vde, Pin = = - 2, 0 dB Oveisiive. 
Load VSWR = 30:1) 


No Degradation in 
‘Output Power - 


_ FIGURE 1 — BROADBAND TEST CIRCUIT SCHEMATIC 


C1 = 56 pF Mini-Unelco, 3HS0006-56 

C2 = 47 pF Mini-Unelco, 3HS0006-47 

C3, C4 = 180 pF Chip Cap, ATC 100B181JC500 
C5 = 150 pF Unelco, J101—150 

C6 = 39 pF Mini-Unelco, 3HSO006-39 

C7, C8 = 1000 pF Chip Cap, ATC 100B102JC50 
C93 = 0.1 «F Ceramic Capacitor 

C10 = 10 pF, 25 V Electrolytic Capacitor 
C11 = 56 pF Mini-Unelco, 3HS0006-56 


5 | sRFC2 


L1 = 2 Turns #18 AWG, 0.125” ID. : 
L2,L3 = Circuit Board and Mounting Pad Inductance 
L4 = 3 Turns #18 AWG, 0.125” ID , 

L5 = 6 Turns #16 Enameled,.0.250" ID © 


0.15 »H Molded Choke w/Ferrite Bead _ 
Ferrite Choke, Fair Rite VK200-4B | 


RFC1 
RFC2 


Board Material =. 2" Glass 
Teflon, 1 oz. Cu Plating 


Bead — Ferroxcube 


MOTOROLA RF DEVICE DATA 


rn Anan 


MRF1946, MRF1946A 


FIGURE 3 — OUTPUT POWER versus FREQUENCY. 


E 2 — OUTPUT POWER versus INPUT POWER 


Pin. INPUT POWER (WATTS) 


(SLLVM) Y3MCid Lngine N04 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


175 Miz 


f = 220 MHz 


es 


COMA 


\ | 
\| 
AN LTA 


pi] AAT 
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(tit | NAA 


cen 


g 3 = 
(SLIWM) HIMOd LNdLNO "°g 


a 
Vcc, SUPPLY VOLTAGE (VOLTS) 


9.0 


8.0 


Vcc, SUPPLY VOLTAGE (VOLTS| 


FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE | 


f = 136 MHz 


f = 150 MHz 


CENCE 
AE 


(SLIVM) YSMOd LNdLNO 27° 


Voc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


3-864 


MRF1946, MRF1946A 


FIGURE 9 — SERIES EQUIVALENT INPUT AND 
= BR 
AGERE 8 — TYPICAL PERFORMANCE IN A BROADBAND CIRCUIT OUTPUT IMPEDANCE 


Gpe, POWER GAIN (dB). 
no, COLLECTOR EFFICIENCY 


165 170 175 
REQUENCY (MHz) 


BaESny, 
2.5 Vdc, 


Pout = 30 W 


*ZGL = Conjugate of optimum load 
impedance into which the . 
device operates at a given 
output power, voltage and - 
frequency. , 


FIGURE 10 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


2 Oar 


1 ouctoR ma 
TECHNICAL DATA a MRE2001 


MRF2001 


| HG Fen Gre | | 10W 2GHz 
— 3 , MICROWAVE POWER 
TRANSISTOR 


NPN SILICON MICROWAVE POWER TRANSISTOR © 


| ; 13 NPN SILICON 
. designed for Class B and C amplifier or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. 


® Guaranteed Performance @ 2 GHz, 28 Vdc 
Output Power = 1.0 Watt 
Minimum Gain = 9.0 dB 


® 100% Tested for Load Mismatch at All Phase Angles ~ 
With 10:1 VSWR : 


Hermetically Sealed Industry Standard Package 


® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration | 


Compatible with Older 2001 Types 


Other Devices in the 2000 Series: 
MRF2003. 3W 
MRF2005 5W 

MRF2010 10W 


@ 


STYLE 1: 


PIN 1. EMITTER 

| 318 | 0115 | O12 | 2, COLLECTOR 
140] 0.045 | 0.055 3, BASE 
015 | 0.003 | 0.006 


952 | — | 0375 
178 


MAXIMUM RATINGS 


Emitter-Base Voltage ~£80 [400 ; : 


Collector-Current — Continuous 


| Total Device Dissipation @ Tc = 750 (1) 
Derate above 25°C 


Storage Temperature Range - 


“1, FA] ANOLB-]ARE DATUMS. 
2. [T-JIS SEATING PLANE. 
3. POSITIONAL TOLERANCE FOR MOUNTING 


THERMAL CHARACTERISTICS 


Seas T HOLES: “Q" 
Characteristic Symbol (-& [0.15 (0,006) 
Thermal Resistance, Junction to Case (2) RaJc 7 MEE Gees Porgenpenaeae 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 0.795 


MAX 


[0.795 | 

(2) Th d f d f cecaend 
ermal Resistance is determined under specified RF operating conditions by infrared 0.165 | 

= aie T oi 


measurement techniques. 1.65 | 


STYLE 1: 
1. EMITTER 
2. COLLECTOR 
3. BASE 


CASE 328A-01 


MOTOROLA RF DEVICE DATA 


3-866 


MRF2001, MRF2001B 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ~ ViBRCEO | 
(I¢ = 5.0 mAdc, ig = 0) 


(Ic = 5.0 mAdc, Ree = 10 2) 
Collector-Base Breakdown Voltage 
(Ic = 5.0 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage . . 
(lg = 1.0 made, Io.= 0) . 
| Collector Cutoff Current, OO 
(Vcp = 28 Vdc, Ig = 0) 
ON CHARACTERISTICS _ 
| DC Current Gain 
(ic = 100 mAdc, VcE = 5 0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vo = 28 Vde, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 2.0 GHz) 
Collector Efficiency 
(Voc = 28 Vde, Pout = 1.0 W, f=2.0 GHz) 


“Load Mismatch , No Degradation in Power. Output 
(Vcc = 28 Vde, Poyt = 1.0 W, f = 2.0 GHz, 
VSWR = 10:1 All Phase Angles) 


FIGURE 1. 2 GHz TEST CIRCUIT 


RF 
INPUT 


yy PF 
\ OUTPUT 


Z1-Z11 — Microstrip 

C1 — 0.4-2.5 pF Johanson 7285 

C2, C3 — 56 pF Chip Capacitor 

C4 — 0.1 wF 

C5 — 10 uF 50 V Electrolytic 

Board Material — 0.062” Glass Teflon 


MOTOROLA RF DEVICE DATA 


2.Qa7 


MRF2001, MRF2001B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
(f = 1 GHz) (f = 2 GHz) 
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FIGURE 4 — OUTPUT POWER versus FREQUENCY FIGURE 5 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vcc =28V a | 

f Zin ZOOL" Pin= Zo.” Pout= 
GHz} Ohms Ohms 100mW/Ohms 1W 
| 1.0] 6.6+)84 | 11-j289 | .4.9 -j374_ 
8.5+j12.2| 81-j173 | 4.6 -j21.0 
}2.0/11.5+j19.5| 4.2 -j6.0 3.5 - j7.0 
13.4 4j26.0] 3.4 -j1.8 3.4 - j1.8 
*Zg _ = Conjugate of the optimum load impedance into which the device 

output operates at a given output power, voltage and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


3-868 


MRF2001, MRF2001B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 
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FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT 


MRF2001 


iginal. 


is 75% of the or 


t Board shown 


ircu 


The Printed Ci 


‘NOTE 


MOTOROLA RF DEVICE DATA 


2_98N 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MRF2001M_ 


 T.0W 2 GHz 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON MICROWAVE POWER TRANSISTOR 


. .. designed for Class B and C common base broadband amplifier. 


? : Sieleiata nia NPN SILICON 
applications in the 1.7 to 2.3 GHz frequency range. . 


@ Internal Input Matching for Broadband Operation 


® Guaranteed Performance @ 2 GHz, 24 Vd 
Output power = 1.0 Watt ; 
Minimum Gain = 8.5 dB | 


® 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR : 

6 Hermetically Sealed industry Standard Package 

® Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 

® Silicon Nitride Passivation | 

@ Characterized for Operation from 20 V to 28 V 


Supply Voltages 


MAXIMUM RATINGS —__ 


a ee ee 2 , STYLE 1: 
Rating — he Symbol © Unit PIN1. EMITTER 
ao 2. COLLECTOR 
Colilector-Emitter Voitage VCEO fe :202 | Vde . 3. BASE 
Collector-Base Voltage | CBO 45 Nae i, DIMENSIONS ee 
Emitter-Base Voltage a _. | Mepo Vde ARE DATUMS. 
SEP uaAELEEE : ace 2. POSITIONAL TOLERANCE FOR 
Collector-Current — Continuous eee / 250 mAdc : MOUNTING HOLES: 
Total Device Dissipation @ Tc = 25°C (1) "Pp FO Watts || 6 /8.13(0,005)@|T |A@ [BO 
berate abaya DReC ee a ee “mwee | 3. IS SEATING PLANE. 
bn : 4, DIMENSIONING AND 
Storage Te ature Range -65 to +200 ° TOLERANCING PER ANSI 
ee stg : sed Y14.5, 1973. 
THERMAL CHARACTERISTICS | ase aie MILLIMETERS 
Characteristic . as Symbol | Max | Unit Alar MINS = 
Thermal Resistance, Junction to Case (2) . Resc ee ee | 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


MOTOROLA RF DEVICE DATA 


QQ7N - 


MRF2001M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


. _ Characteristic oe 


OFF CHARACTERISTICS | : 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Vpe = 0) 


-Collector-Base Breakdown Voltage ; 
(I¢ = 5.0 mAdc, Ig = O) 


Emitter-Base Breakdown Voltage 
(Ig = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current =. 
(Vop = 28 Vde, IE = 0): 


_ ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 


_ DYNAMIC CHARACTERISTICS 


‘Output Capacitance 
(Vcp = 24 Vde, IE-= 0, f =.1.0 MHz) 


FUNCTIONAL TESTS 


-Common-Base Amplifier Power Gain 
(Vcc = 24 Vde, Pout = 1.0 wy f = 2.0 GHz) 


(Ic = 5.0 mAdc, Ip = 0) 
ViBRICBO 


polleeler MeaN ten 


Load Mismatch 
(Vcc = 24 Vde, Pout= 1 0 w, f= 2.0 GHz) | 
VSWR = 10:1 Ail Phase Angles) 


‘No Degradation in Power'Output 


FIGURE 1 — 2.0 GHz TEST CIRCUIT 


r Veo= 
C3 C4 C5 +24 Vdc 
“12141 
RF Input —o RF Output 


212 
C1 


Z1-Z12 — Microstrip, See Photomaster 

C1 —0.6-4.5 pF Johanson 7271 

€2, C3 — 56 pF Chip Capacitor 

C4— 0.1 pF 

C5 — 10 uF, 35 V 

Board Material — i 0312” Teflon Fiberglass 
=2.5+0.05 . 


MOTOROLA RF DEVICE DATA 


3-871 


MRF2001M 


Pout OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
a 4 = 2.0 GHz) . 


(f= 1.7 GHz) (f 
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Pin, INPUT POWER (mW) Pin. INPUT POWER (mW) 


FIGURE 4 — OUTPUT POWER versus INPUT POWER : | 
| (f = 2.3 GHz) FIGURE 5 — POWER GAIN versus FREQUENCY 


Gpp, POWER GAIN (dB) 


en 89 100 120 140 160 190 200 220 240 260 
Pin. INPUT POWER (mW) | _ f, FREQUENCY (GHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vec = 24V, Pig= 140!mw 


17 155+] 3.0 
20 | 7.5 +5110 
2.3 | 10.0+j10.0 


*ZOL = Conjugate of the optimum load impedance 
into which the device output operates at a given 
output power, voltage and frequency. 


-j50 
Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


(3-872 


MRF2001M | | 


FIGURE 7 — 2 GHz. TEST AMPLIFIER Boo 


MRF2001M 


© Denotes Eyelet ee 


© 4-40 Screw Placement 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-873 


MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA 


MRF2003 
MRF2003B 


MICROWAVE POWER 


NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR 


NPN SILICON 


| .,. designed for Class B and Cc amplifie r or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. 7 


e Guaranteed Performance @2 GHz, 28 Vde 
Output Power = 3.0 Watts 
Minimum Gain=7.8dB 


® 100% Tested for Load Mismatch at All Phase Angles 
With 10:1 VSWR | 
@® Hermetically Sealed Industry Standard Package 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration | 


® Compatible with Older 2003 Types 


e Other Devices | in the 2000 Series: 
MRF2001 1W 
Vin F 2065 5 W 


MRF2010 10W. 


iLLIMETERS: INCHES 
MAX |_MIN | MAX 
sa] | 0.225 | 0.235 


4.44 [4 0.175 | 0.185 


229 | i 0.090 | 0.108 |  STYLEt: 
292 | 318 | 0.115 | 0.125 | — PIN1. EMITTER 
144 | 1.40 0.045 | 0,055 | 2. COLLECTOR 
0.08 | Le 0.003_| 0.006 3, BASE 
0,375 
is 0.060 [0.070 
CASE 328-02 


MAXIMUM RATINGS oe 
 Solecerinarvateg ee 
[35 
<a 


Emitter-Base Voltage VEBO. 
Collector-Current — Continuous {2 


Total Device Dissipation @Te@= 25°C or a - 
Derate above 25°C a oo 


Storage Temperature Range 


THERMAL CHARACTERISTICS | : NOTES: 


ee 1. [A] AND[B-]ARE DATUMS. 
Characteristic Symbol | 2. FE-JIS SEATING PLANE. 


1 ; . RANCE FOR MOUNTING 
Thermal Resistance, Junction to Case !2) Re Jc 3 ae aniiee c 


! [O15 ODOT [ABLES] 
(1) These devices are designed for RF operation. The total device dissipation rating applies 4. DIMENSIONING AND TOLERANCING PER 


. og: ¥14, . 
only when the devices are operated as RF amplifiers. ANSI Y14.5, 1973 


(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. . 
“STYLE 1: 
1. EMITTER 


2. COLLECTOR 
3. BASE 


- CASE 328A.01 


MOTOROLA RF DEVICE DATA 


QzRTA 


MRF2003, MRF2003B- 


ELECTRICAL CHARACTERISTICS To - 28° unless otherwise noted) 


Characteristic 


OFF SHARAGTERISTION 


V(BR)CEO 


Collector-Emitter Breakdown Voltage 
(lc = 5.0 mAdc, tp = 0) 


Collector-Emitter Breakdown Voltage 
(cg = 5.0 mAdc, Regge = 10 2) 
Collector: Base Breakdown Voltage 
(le = 5.0 mAde, Ig = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 
| Collector Cutoff Current 
(Vcg = 28 Vdc, IE = 0) 
ON CHARACTERISTICS | 
| oc Current Gain — 
(Ig = 456 mAdc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS | 
Output Capacitance — ° 
(Vcg = 28 Vdc, Ip = 0, f = 1.0 MHz) 
_ FUNCTIONAL TESTS 
--Common-Base Amplifier Power Gain |. 
(Voc = 28 Vdc, Pout.=3.0 W, f = 2,0 GHz) 
‘Collector Efficiency 
~ (Vec = 28 Vdc, Pout = 3.0 W, f = 2.0 GHz) 
Load Mismatch i : _ No Degradation in Power Output 
(Vcc = 28 Vdc, Pout = 3.0 W, f = 2.0 GHz, - . , 
VSWR = 10:1 All Phase Angles) _ 


mAdc 


FIGURE 1 ~ 2 GHz TEST CIRCUIT 


<€ Vec= 28V 


Z10| 


RF 
INPUT 


ee > C ouTPuT 


Z1-—Z13 — Microstrip 
~~ C1,.C2, C3 — 0.4-2.5 pF Johanson. 
C4, C5, C6 — 56 pF Chip Capacitor 
C7—0.1 uF - 
~ C8— 10 AE 50 V Electrolytic 
Board Material — 0.062” Glass Teflon 


“MOTOROLA RF DEVICE DATA 


3-875. 


MRF2003, MRF20036 


FIGURE 2 — OUTPUT POWER versus INPUT POWER . FIGURE 3 — OUTPUT POWER versus INPUT POWER 
, (f = 1 GHz) . (f = 2 GHz) 


8.0 
ie ee voce my 
7.0 = 


— 
\ 
a 
ee 
Pout, QUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATS) 
~~ BRO [ee] > 
So a So low) 
- ee a) 
\ \ i. 
KR 
eeee 


0.20 0.30 0.40 0.50 0.60 0.70 0.25 0.35 045° . 0.55 0.65 0.75 
Pin, INPUT POWER (WATTS) | 7 Pin, INPUT POWER (WATTS) 
FIGURE 4 — OUTPUT POWER versus FREQUENCY FIGURE 5 — POWER GAIN versus FREQUENCY 


Pout, OUTPUT POWER (WATTS) 
Gpg, POWER GAIN (dB) 


Ber re aneee 


Vee = 28 V 


. Zin ZOL* 
_Ohs 


Ohms 0.5 W 


Dp. = 
rin 


f ZOL* . Pout= 
GHz Ohms 3W 
1.0 


2.0 + j9.0 17.5 ~ j18 10 - j23 
1.5 3.0 + j14.5 10 - 510.5 3.0 - j10.5 
4.0 + j23 6.5 + j0 5.0 + j0 


4.5 + j29 5.5 + j1.7 5.5 +517 


*ZoOL = Conjugate of the optimum load impedance into 
which the device output operates at a given output 
power, voltage, and frequency. 


-j50 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


3-876 


MRF2003, MRF2003B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


— PRINTED CIRCUIT BOARD LAYOUT 


FIGURE 8 


2 GHz TEST CIRCUIT 


iginal. 


of the or 


75% 


iS 


it Board shown i 


Ircu 


ted Ci 


in 


The Pr 


NOTE 


MOTOROLA RF DEVICE DATA 


3-877 


MOTOROLA 


TECHNICAL DATA 


3.0W 2 GHz 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON MICROWAVE POWER TRANSISTOR 


. designed for Class B and C common base broadband amplifier NPN SILICON 


applications in the 1.7 to 2.3 GHz frequency range. 


Internal Input Matching for Broadband Operation 


® Guaranteed Performance @ 2 GHz, 24 Vdc 
Output power = 3.0 Watt 
Minimum Gain = =8.0dB . 


@ 100% Tested for Load Mismatch at All Phase Angles 
- with 10:1 VSWR 


® Hermetically Sealed Industry Standard Package 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Silicon Nitride Passivation 


Characterized for Oneration from 20 V t 


Supply Voltages 


MAXIMUM RATINGS 


STYLE 1: 
; Symbol - Unit PINT. EMITTER. 
Collector-Emitter Voltage VCEO Vdo | | 3. BASE 
NOTES: 
Collector-Base Voltage VCBO a Vde 1. DIMENSIONS (a-] ano [-B-] 
Emitter-Base Voltage Vide ae ARE DATUMS. 
g EBO 2. POSITIONAL TOLERANCE FOR © 

Collector-Current —- Continuous 500 mAdc MOUNTING HOLES: 

—_— —_—— 4] 8.13(0.005)| T | A@| BO 
Total Device Dissipation @ Tc = 25°C (1) PO 11 Watts 3. IS SEATING PLANE. 


Derate above 25°C en _mWA°E "4, DIMENSIONING AND 
a : .° -TOLERANCING-PER ANSI 
Storage Temperature Range Tstg -65to+200 | °C. a, Y14.5, 1973. 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 


LA 
ae 
| | 
Z 
He 
LN 
| O | 

| RL 


MOTOROLA RF DEVICE DATA 


3-878 


MRF2003M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | ViBR)CEO 
| (Ic = 5.0 mAdc, Ig=0) | 
Collector-Emitter Breakdown Voltage . V 
| (Ic = 5.0 mAde, Vee = 0) | ee ee 
Collector-Base Breakdown Voltage . y 
(Ig=5.0mAdc, IE=0) - enIGRO 
Emitter-Base Breakdown Voltage Vv 
(Ig = 1.0 mAdc, Ic = 0) fasts og (BRIESO 


Collector Cutoff Current 
(VcB = 28 Vdc, IE = 0) 


.ON CHARACTERISTICS ... 


DC Current Gain 
(Ic = 150 mAdc, VcgE = 5.0 Vide}. 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 24 Vde, Ip = 0, f= 1.0 MHz) 


“FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 


(Voc = 24 Vde, Poyt = 3.0 W, f = 2.0 GHz). 


Collector Efficiency | 
(Vcc = 24 Vdc, Pout = 3.0 W, [= 2.0 GHz) 


Load Mismatch No Degradation tn Power Output 
(Vcc= 24 Vdc, Pout = 3.0 W, f= 2.0 GHz 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 2.0 GHz TEST CIRCUIT 


Vcc = 
+ 
C3 | c4| cS] , ee 
: + IZ9 
RF . RF 


Input Output 


- z4 ee—{_ 27 
El * c2 | i 
co | | 


Z1-Z9 — Microstrip, See Photomaster 

C1 — 0.6-4.5 pF Johanson 7271 

C2, C3. — 56 pF Chip Capacitor 

C4 — 0.1 pF 

C5 — 10 uF, 35 V 

Board Material — 0.0312” Teflon Fiberglass 
| = 2.5+0.05 


MOTOROLA RF DEVICE DATA 


3-879 


MRF2003M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER © FIGURE 3 — OUTPUT POWER versus INPUT POWER 
| (f = 1.7 GHz) (f = 2.0 GHz) 


Pout. OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 


Pin, INPUT POWER (mW) Pin. INPUT POWER (mW) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 os POWER GAIN versus FREQUENCY 
(f = 2.3 GHz) 


ion 


Pout, OUTPUT POWER (WATTS) 


Gpp, POWER GAIN (dB) 


COCCI 


Pin, INPUT POWER (mW) . f, FREQUENCY (GHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vec = 24. V, Pin = 400 mW 


f Lin Lou" 
GHz Ohms , Ohms. - 


1.7 9.5 +521 6.5 — j8.5 
2.0 35 + j20 4.0 - j5.0 
2:3 41 + j3.5 7.0 + j1.5 


*ZOL = Conjugate of the optimum load impedance 
into which the device output operates at a given 
output power, voltage and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


3-880 


MRF2003M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT 


© Denotes Eyelet 7 . 
@) Denotes 4-40 Screw Placement 


MRE 2003M 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 
3-881 


MOTOROLA | 
aa SEMICONDUCTOR =& 
TECHNICAL DATA 


MRF 2005 
MRF2005B_ 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON MICROWAVE POWER TRANSISTOR - 


... designed for Class B and C amplifier or oscillator applications 
in the 1.0 to 2.3 GHz frequency range. 


® Guaranteed Performance @ 2 GHz, 28 Vde 
Output Power = 5.0 Watts . 
Minimum Gain= 8.0dB 
100% Tested for Load Mismatch at All Phase Angles 
With 10:1 VSWR > ee 
Hermetically Sealed Industry Standard Package 


Gold Metallized, Emitter Ballasted for Long Life and — 
Resistance to Metal Migration | 


Compatible with Older 2005 Types 


Other Devices in the 2000 Series: 
MRF2001 1W 
MRF2003. 3W 


[MILLIMETERS INCHES 
om | MIN | MAX MAX 
A | 572 | 5297 
STYLE 1: 
1. EMITTER 
2, COLLECTOR 


3. BASE 


MAXIMUM RATINGS 
Rating . 


LO NOTES: 8 es 
1, FA] AND[B-JARE-DATUMS, 
2, ETJIS-SEATING.PLANE. . 
> 3, POSITIONAL TOLERANCE FOR. MOUNTING © 
HOLES: “10” =", ee 
[-} 10.15 (0.00617 [AGB] © 
4. DIMENSIONING AND TOLERANCING PER: 
ANSI 14.5, 1973. 


om MILLIMETERS] INCHES | 
| MIN | MAX | MIN | MAX | 
TA | 20.19 | 20.57 |.0.795| 0.810 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. . 

(2) Thermal Resistance is determined under specified RF operating conditions by infrared 
measurement techniques. ; 


~ STYLE 1: 
1. EMITTER 
"2. COLLECTOR 
3. BASE 


CASE 328A-01 


MOTOROLA RF DEVICE DATA 


3-882 . 


MRF2005, MRF2005B 


ELECTRICAL CHARACTERISTICS Me= 25°C unless otherwise noted) 


Symbol so 


OFF CHARACTERISTICS - | 
Coilector-Emitter Breakdown Voltage “(BR)CEO Vde 
(I¢ = 10 mAdc, |p = 0) 


(I¢ = 10 mAdc, Ree = 10 2) 
Collector-Base Breakdown Voltage 
(Ic = 10 mAdc, Ie = 0) » 
Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 
| Collector Cutoff Current 
(Vcp = 28 Vdc, l= = 0) 
ON CHARACTERISTICS © 
DC Current Gain 
(I¢ = 200 mAdc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vog = 28'Vde, Ip = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS . 
Common-Base Amplifier Power Gain. 
(Vcc = 28 Vdc, Poyt =5.0 W, f = 2.0 GHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 5.0 W, f = 2 Re) GHz) 
Load Mismatch mo No. Degradation in Power Output 
(Voc = 28 Vdc, Poyt = 5.0 W,f = 2.0GHz, Se | 
VSWR = 10:1 All Phase Angles) 


Collector-Emitter Breakdown Voltage 
WaRie80 


FIGURE 1 — 2 GHz TEST CIRCUIT 


Vec = +28V 
RF RF 
INPUT OUTPUT — 


.21-27 — Microstrip 

C1, C2, C3 — 0.6-4.5 pF Johanson. 
C4, C5.— 220 pF Chip Capacitor a 
C6 — 0.1 uF 

C7 — 10 AF, 35 V Electrolytic 

‘L1— 3 Turns #22 .%" |.D. 

L2 — 2 Turns #24 72" |.D. 

Board Material — 0.062” Glass Teflon 


MOTOROLA RF DEVICE DATA 


3-883 


MRF2005, MRF2005B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
(f = 1 GHz) (f = 2 GHz) 


Pout, QUTPUT FOWER 'WATTS) 
Pout, OUTPUT POWER (WATTS) 


0.4 0.6 0.8 1.0 1.2 14 
Pi, INPUT POWER (WATTS) | Pin, INPUT POWER (WATTS) 
FIGURE 4 — OUTPUT POWER versus FREQUENCY. FIGURE 5 — POWER GAIN versus FREQUENCY 


15 
PTT TT ey et 

ey ee BNE 
PO RN ET ¢ EXER 
LMA | 2 KLE 

2) | SEAN Sot Ww 

S ot SSO 2 [ {| 

Se Ltt tt tS a [i || 
sy) ) | Tt ae 


“1.0 1.5 2.0 “23 


. - Vee = 28 V . 
of Zin ZoL* Pin= |ZOL* Pout= 
GHz Ohms Ohms |0.8W | Ohms 5W 

, 1.0 | 1.5 + j5.7 ° 6.3 ~j5.6 ~ 3.2 - j8.8 


1.5 
2.0 
2.3 


1.5+j10.5 
2.0 + j17 
2.2 +j19.5 


* 5.6 + j0.4- 
2.5+j9.0 - 
124+ 59.8 


3.0 + j0 
2.3 + j10.6 
2.4 + j14.5 


*Zo_ = Conjugate of the optimum load impedance into which the device 
output operates at a given output power, voltage and frequency. 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 
3-884 


MRF2005, MRF2005B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


Input 


Output 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT ~ 2 GHz TEST CIRCUIT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-885 


MOTOROLA 


TECHNICAL DATA 


MRF2005M 


5.0W 2 GHz 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON MICROWAVE POWER TRANSISTOR 


| ... designed for Class B and C common base broadband amplifier - | 


; : . ; NPN SILICON 
applications in the 1.7 to 2.3 GHz frequency range. . 


© Internal Input Matching for Broadband Operation | 
@ Guaranteed Performance @ 2 GHz, 24 Vde 
Output power = 5.0 Watts mee 
Minimum Gain=7.5dB 0 | 
® 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR ea ee oe | 


Hermetically Sealed Industry Standard Package 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ Silicon Nitride Passivation 


@ Characterized for Operation from 20 V to 28 V 
Suppiy Voitages 


MAXIMUM RATINGS 


| | Rating 
| Collector-Emitter Voltage Vdc 

ector-Ba Vol e ne F Vdc : PIN 1. EMITTER 
ioe stostaiealest 7 . 2. COLLECTOR 


Emitter-Base Voltage | ~ eee i “Mde Pep oe oe 3. BASE 
ras =e ae | teas NOTES: 


ARE DATUMS. . 
2. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 
| 8.13(0.005) 69] T | A@] BO] 
a Be IS SEATING PLANE. 
“4, DIMENSIONING AND 
_” “TOLERANCING PER ANSI 
- 5 ¥14,5, 1973. 


Total Device Dissipation @ Tc= 25°C(1) | = Pp Watts 
Derate above 25°C : -mW/°C 


| Storage Temperature Range © -65 to+200. |» * | 


THERMAL CHARACTERISTICS 


MILLIMETERS 


Thermal Resistance, Junction to Case (2) Rec | | 8.0. | ecywes 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating conditions by 

infrared measurement techniques. 


no 
=| 

an 
Cl 
o|o 
ho} 
co 
nl oS 


~ 
© 


| MAX | 
| 0.256 | 
| 0.110 | 


| 0.056 | 0.068 


elo 
GC] s 
aie). 


So 
a3 
(et) 
[me } 


CASE 337-02 


- MOTOROLA RF DEVICE DATA 


3-886 | 


MRF2005M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise. noted) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ip = 0) 


| Collector-Emitter Breakdown Voltage 
(Ic =. 10 mAdc, VBE = 0) 


| Collector- Base Breakdown Voltage 
(I¢ = 10 mAdc, Ig = 0) 


| Emitter-Base Breakdown Voltage 
(IE = 2.0 mAde; I¢ = 0) 


Coilector Cutoff Current 
(Vcp = 28 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 300 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance - 

(Vop = 24 Vac, Ip = 0, f= 1.0 MHz) 
FUNCTIONAL TESTS 


Common -Base Amplifier Power Gain 2 
(Vcc = 24 Vde, Poyt = 5.0 W, f = 2.0 GHz) 


Collector Efficiency 
(Vec= 24 Vdc; Pout = 5.0 W, f= 2. O GHz) 


Load Mismatch | . be -  No-Degradation in Power Output 
(Voc = 24 Vde, Poyt = 5.0 W, f= 2.0 GHz) © | : : 7 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 2.0 GHz TEST CIRCUIT 


Vcc = 
+24 Vdc 


zo Z11 ORF 


Z1¢ E ; 212 Output 


C1, C3, C4 — 68 pF Chip Capacitor “= Bead — Ferroxcube 56-590-65/3B 


ee =~ ee pF vehansen TeaA Board. Material — 0.031” Teflon Fiberglass 
rsd : €p= 2.5+0.05 feed 


C6 — 10 pF, 35 V 
Z1-Z13 — Microstrip, See Photomaster Figure 8. . 


MOTOROLA RF DEVICE DATA 
3-887 


MRF2005M 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
(f= 1.7 GHz) | (f = 2.0 GHz) 


ss 
<= 


= N 
WA 
at 

RO = 


— a a 
E || E 
= 8.0 ain = — OV ey 
=a sa ae E 
Bee ET E 
ee 
vt} ft} tp 
201 | tt ft 
0.4 0.6 0.8 1.0 1.2 1.4 | | 
Pin, INPUT POWER (WATTS) . Pin. INPUT POWER (WATTS) 
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — POWER GAIN versus FREQUENCY 


(f = 2.3 GHz) 


NE 
BNEREE 
CGRNEEE 
EN\KERNES 


aa 


TAA 
EERUS2En 


Pout. OUTPUT POWER (WATTS) 


Vec = 24V 
ote | ote | fafa | Pas S0_ 
Ohms Pout = Peat | Pout = 5.0 W 
1.7 4.0+j17 2.9 — j3.5 1.5 - j4.4 
2.0 10 + j25 3.1 - j0.85 1.75 - j1.3 
2.3 37-j5.0 | 2.94 42.2 2.90 + j2.2 


*Zo_ = Conjugate: of the optimum load impedance into which the 
device output operates at a given output power, voltage, 
_and frequency. / 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA 


3-888 


MRF2005M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT 


-MRFE2005M |. 


Denotes Eyelet 

(-)4-40 Screw Placement 

* Foil Wrap to Bottom 
Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


3-889 


TECHNICAL DATA 


10W 2GHz 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON MICROWAVE POWER TRANSISTOR 


... designed for Class B and C ampiifier or osciliator applications 
in the 1.0 to 2.3 GHz frequency range. 
1 


@ Guaranteed Performance @ 2 GHz, 28 Vdc 
Output Power = 10 Watts 
Minimum Gain = 6.0 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
With 10:1 VSWR 


Hermetically Sealed Industry Standard Package 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


@ 


Compatible with Older 2010 Types 
Other Devices in the 2000 Series: 


RADTCAINNAI 4 s\Al 
vitae auuet ' wv 


eS 


MRF2003. 3W min | MAX | MIN | MAX 
5.97 | 0.225 |-0.235 
MRF2005 5W A nied. ceive 
; 2.54 1. EMITTER 
a 2. COLLECTOR 
[a | 0.08 | 0.15 3. BASE 
: | o52 | - 
1.52 |_1.78 | 0.060 


CASE 328-02 


MAXIMUM RATINGS 


Derate above 25°C 


; Storage Temperature Range 


| THERMAL CHARACTERISTICS 


NOTES: a3 
1. ice DATUMS. 
2. 1S SEATING PLANE. 
- 3. POSITIONAL TOLERANCE FOR MOUNTING 
HOLES: “QO” 
[> [0.15 (0.006}T | AGB) 
4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


Thermal Resistance, Junction to Case (2) ReJc | 5.0 | cw | 


(1) These devices are designed for RF operation. The total device dissipation rating applies ft MAX 
only when the devices are operated as RF amplifiers. 0.245 10.255 | 
(2) Thermal Resistance is determined under specified RF operating conditions by infrared rane oe SUE Ie 
measurement techniques. inset oes J 2. COLLECTOR 
0.560 BSC 3. BASE 


CASE 328A-01 


MOTOROLA RF DEVICE DATA 


3-890 


MRF2010, MRF2010B 


ELECTRICAL CHARACTERISTICS ics 25°C unless otherwise noted) 


| ae ee 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . Viariceo 
(Ic = 20.mAdc, Ig = 0) oo, a 
_ | Collector-Emitter Breakdown Voltage j ; Pe 
(I¢ = 20mAdc, Rpg = 102). — re: 


Vienicso 


Collector-Base Breakdown Voltage. 
(Ig = 20 mAdc, Ie = 0) 
Emitter-Base Breakdown Voltage 
(ig = 2.0 mAdc, I¢ = 0) 
Collector Cutoff Current - 
(VcB= 28 Vde, le =O) © 
ON CHARACTERISTICS 
~ DC Current Gain 
(I¢ = 500 mAdc, VcgE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS | 
Output Capacitance ) 
(Vcp = 28 Vdc, Ip = 0,f = al O MHz) 
FUNCTIONAL TESTS Me 
| Common- Base Amplifier Power Gain 
(Voc = 28 Vdc, Pout = 10W f = 2.0 GHz) 
| ‘Collector Efficiency ie 
(Vec = 28 Vdc, Pout = 10 W,f = 2.0 GHz) 
~ Load Mismatch 


“VSWR = 10: 4. ‘All Phase Angles: 


No Degradation in Power Output Oe 


FIGURE 1 — 2 GHz TEST CIRCUIT 
L1 nen 


Vec = +28 V 
Z11 : 
i ee ee 


z1- 212 — Microstrip ; 
C1, C2 — 0.4-2.5 pF Johanson 
C3, C4, C5, C7 — 39 pF Chip Capacitor 
C6 — 20 pF, 50 V Electrolytic 9 
- L1— #18 AWG Hairpin. 


eas 


Board Material — 0.032” Glass Teflon 


~ MOTOROLA RF DEVICE DATA 


3-891 


MRF2010, MRF2010B 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 
ne . (f = 2.0 GHz) 


(f = 1.0 GHz) 


Pout, QUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


8 10 412 14 


4B he BYP rls, O86 
P;,, INPUT POWER (WATTS) 


i) 
= 
= 
par 
o>) 
= 
yy © 
i) 
oS 
No 


0 22 24 26 28 30 
in. INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus FREQUENCY » : FIGURE 5 — POWER GAIN versus FREQUENCY | 
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ese eee 
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ee 
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PS 
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(ae 
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fe ea 


(A 


Pee —| 


Pay, OUTPUT POWER (WATTS) 
_ Gpg, POWER GAIN (dB) 


[WARS 


f, FREQUENCY (GHz) o | | f; FREQUENCY (GHz) 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


an = Zou ZoL* 
ee | Zin Pin =2.5W Pout =10W 
GHz Ohms , Ohms . Ohms 


Po 40 | 1.0 + 56.0 4.5 - j3.0 3.2 - j5.0 


: \ 
Zor (Pout = 10W)\ 


ee 3.5 +j1.0 “2.0 +j1.3 
1.5 +13 1.5 + {7.0 1.4 + j6.5 


“sof oop) | 
Pe a 
A VEN AOS my 
é aed 15 +j16 1.3 + j8.0 13+ 8.0 
ise. 50 *ZOL = Conjugate of the optimum load impedance into which the device output 
{~ A ) operates at a given output power, voltage, and frequency. 
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~j2.0 ' 


Coordinates in Ohms 
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MRF2010, MRF2010B 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT © 
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MOTOROL 


Storage Temperature Range 7 ree to+200 |. 


Characteristic | 


Thermal Resistance, Junction to Case (2) 


| (1) These devices are designed for RF operation. The total device dissipation rating 


NPN SILICON MICROWAVE POWER TRANSISTOR 


_.. designed for Class B and C common base broadband amplifier 
applications in the 1.7 to 2.3 GHz frequency range. 


Internal Input Matching for Broadband Operation 


Guaranteed Performance @ 2 GHz, 24 Vdc 
Output Power = 10 Watts 
Minimum Gain = 7.0 dB 


100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR so . 


Hermetically Sealed Industry Standard Package 


Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


Silicon Nitride Passivation 


Characterized for Operation from 20 Vto 28 V 
Supply Voltages 


45 
{38 

Total Device Dissipation @ T¢ = 25°C (1 

Derate above 25°C . - 200 


ye 


applies only when the devices are operated as RF amplifiers. : 
(2) Thermal Resistance is determined under specified RF operating conditions by 
infrared measurement techniques. 
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_ MRF2010M 


1OW 2 GHz 


MICROWAVE POWER 
TRANSISTOR 


NPN SILICON 


NOTES: ». « ee 
1. DIMENSIONS AND 
“AREDATUMS. 0 
2. POSITIONAL TOLERANCE FOR 
_ MOUNTING HOLES: ~ STYLE 1: 
- -[6]9-13(0.005) @[T [AG] BO] PIN 1, EMITTER 
3. ISSEATING PLANE. . 2. COLLECTOR 
4. DIMENSIONING AND 3. BASE 
“TOLERANCING PER ANSI 
Y14.5, 1973. 


Pmin | MAX | MIN | MAX | 
[A { 20.07 | 20.67 | 0.790 | 0.810 | 
| 48 | 0.245 | 0.258 | 


“MOTOROLA RF DEVICE DATA 


MRF2010M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C ‘inless otherwise noted) 


OFF CHARACTERISTICS ee 

Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, Ig = 0). — é . 

Collector-Emitter Breakdown Voltage | 

. (I¢ = 20 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage = V(BR)EBO © 
(IE = 2.0 mAdc, IC=0) Saaet ar ed a 
Collector Cutoff Current : 
(Vcp = 28 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain a 
(I¢ = 500 mAdc, VcgE = 5.0 Vdc) 


ON NAMIC CHARACTERISTICS 


Collector-Base Breakdown Voltage _ ViaricBo 
(l¢ = 20 mAdc, Ig =-0) Be ae she Be 


Output Capacitance 
(Vcpg = 24 Vdc, lp =0, f= 1 0 MHz) 


_ FUNCTIONAL TESTS 


| Common-Base Amplifier Power Gain... 
(Voc = 24 Vdc, Pout = 10 W, f = 2.0 GHz) 


Collector Efficiency 
(Vcc = 24 Vde, Pout = 10 w, f=2.0 GHz) 


Load Mismatch ap a No Degradation in Power Output 
(Veg = 24 Vdc, Poyt = 10 W, f = 2.0 GHz, 
VSWR = 10:1 All Phase Angles) 


FIGURE 1 — 2 GHz TEST CIRCUIT 


Vcc = 


a rn +24 Vdc. 
. C3 C4 C5- 
213 | | ; 
oe a é ee wh fa - RF Output 
OTH 22} 2H zal zs H 26 L_ 27 a5} 23} 4 |oae | 


Z10 


21 21 3 — Microstrip, See Photomaster, ae 8. 

C2, C3 — 68 pF Chip Capacitor 

C4—O.1 uF . 

C5 — 10 pF, 35V - 

C1 — 0.6-4.5 pF Johanson 7271 d 

Board Material — 0.0312” Teflon Fiberglass 
€p=2.5+0.05 


MOTOROLA RF DEVICE DATA 


R-ROR 


MRF2010M_ 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER 


(f= 1.7 GHz) 7 | (f= 2.0 GHz) | 
20; 
[ae ee 
“| Lat | Voc = 28 V — 


Pour. GUTPUT POWER (WATTS) 


WY 
ANNEOE 


~ Pout, OUTPUT POWER (WATTS) 


fap} 
ee 
fap) 
— 
oS 


0 = 
0.6 1.0 14 1.8 2.2 | 1.4 1.8 2.2 2.6 
Pin. INPUT POWER (WATTS) | | . ae Pin. INPUT POWER (WATTS) — 
FIGURE 4 — OUTPUT POWER versus INPUT POWER » ee | 
(f = 2.3 GHz) : FIGURE 5 — POWER GAIN versus FREQUENCY 


Pout. QUTPUT POWER (WATTS) 


“0.8 12. ae 20 Pag he Dg 7 1 Be 2.0 23 
Pin, INPUT POWER (WATTS) _ f, FREQUENCY (GHz) 


+10 FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 


Vec = 24 V, Pip = 2.0 W 


\ +50 
Si 
P ry 
-j100 f A ae *ZoL = Conjugate of the optimum load impedance 
‘into which the device output operates at a 
-j50. : given output power, voltage, and frequency. 


Coordinates in Ohms 
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MRF2010M 


FIGURE 7 — 2 GHz TEST AMPLIFIER 


© Denotes Eyelet | | . rs | 
@) Denotes 4-40 Screw Placement 
% ‘Foil Wrap to Bottom Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. 
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MOTOROLA — Pw 
m=z SEMICONDUCTOR & 
TECHNICAL DATA 


MRF2016M 


16W 2 GHz 
MICROWAVE POWER 


NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR 


_.. designed for Class 8 and C common base broadband amplifier NPN SILICON 


applications in the 1.7 to 2.3 GHz frequency range. - 


Internal Input Matching for Broadband Operation 


Guaranteed Performance @ 2 GHz, 24 Vdc 
Output power = 16 Watts | 
Minimum Gain = 6.5 dB 


@ 100% Tested for Load Mismatch at All Phase Angles 
with 10:1 VSWR pss 


Hermetically Sealed Industry Standard Package 


@ Gold Metallized, Emitter Ballasted for Long Life and 
Resistance to Metal Migration 


Silicon Nitride Passivation 


® 6 


Characterized for Operation from 20 V to: 28 V 
Supply Voltages 


MAXIMUM RATINGS 


NOTES: 
1.: DIMENSIONS AND 
~ ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 


| 8.13(0.005)@| T | AG] BO 
es: IS SEATING PLANE. 
~ 4. DIMENSIONING AND 
TOLERANCING PER ANSI 
~ ¥14.5,1973.° 
2 PE STYLE Tes 
PIN 1. EMITTER 
2. COLLECTOR 


Collector-Emitter Voltage VCEO 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C - . 


| Characteristic 
| Thermal Resistance, Junction to Case (2) 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

(2) Thermal Resistance is determined under specified RF operating:conditions by infrared 
measurement techniques. 
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MRF2016M 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise nated) 


OFF SHARAGTERISTICS 


Collector-Emitter Breakdown Voltage 

(Ic = 30 mAdc, Ip = O) 
Collector-Emitter Breakdown Voltage 

(I¢ = 30 mAdc, Veg = 0) 
Collector-Base Breakdown Voltage 

| (Ic = 30 mAda, Ig = 0} : 

Emitter-Base Breakdown Voltage 

(I = 5.0 mAdg, Ic = 0) 


Collector Cutoff Current 
(VcRB = 28 Vdc, IE = 0) 


rere 

hid be Nie a ik 

ces Ma Sal 
fae ee ae 


ON CHARACTERISTICS 7 
| DC Current Gain . . 


(Ic = 500 mAdc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance © 
(Vcp = 24 Vdc, Ie = O, f= 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain. 
(Vcc = 24 Vde, Pout = 16 W, f= 2.0 GHz) . 


_ | Collector Efficiency - | 
| (Vcc = 24 Vde, Pout = 16 W, f= 2.0 Ghz) 


Load Mismatch _ No Degradation in Power Output 
(Vcc = 24 Vdc, Pout = 16 W, 4.6Gin . . 
VSWR = 10: 1 All Phase Angies) 


FIGURE 1 — 2 GHz TEST CIRCUIT 


a 
C3 C4 C57 
Z11 | | 


Voe= 
+24 Vde 


RF input C2 whe RF Output 
Cy ~ ‘ ' 3 
ela Half aH 24 zt ft Lae 2 b S 

i ue Ar | | ; 


C1 — 0.6-4.5 pF Johanson 7271 é Board Material — 0. 031 ” Teflon Fiberglass 


C2, C3 — 68 pF Chip Capacitor » te : = 2.5 +0.05 
C4 — 0.1 pF . ion 


~C5— 10yuF, 35V 
21-212 — Microstrip, See Photomaster 


MOTOROLA RF DEVICE DATA 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


_ FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus INPUT POWER 
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(SLIVMA) HAMOd Ladino 3" 


0 


2.8 
Pin. INPUT POWER (WATTS) 


f, FREQUENCY (GHz) 


FIGURE 6 — SERIES EQUIVALENT 


+j10 


INPUT/OUTPUT IMPEDANCE 


24 V, Pig = 3.2 W 


Vcc 


Conjugate of the optimum load impedance 
____ into which the device output operates at a 
given output power, voltage and frequency. 


~ “ZOL 


Coordinates in Ohms 


MOTOROLA RF DEVICE DATA | 
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FIGURE 7 — 2 GHz TEST AMPLIFIER 


FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT 
*K * 


_ © Denotes Eyelet. a 
© 4-40 Screw Placement 
* Foil Wrap to Bottom Ground Plane 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE. DATA 


~ POA 


TECHNICAL DATA _ 


. designed for low- -noise, ewide dynarnic. range ron end amplifiers, low- noise 


¥CO's and microwave power m multipliers. 


Low Noise 
High Gain 
Available in Low Cost Plastic 
State-of-the-Art Technology 
Fine Line Geometry. 
lon Implanted Arsenic. Emitters. 
Gold Top Metallization and Wires: 
Silicon Nitride Passivation ° | 
Fully Characterized 
Higher Voltage Version of MRF571_ ) 
Internally Ballasted for Improved Ruggedness 


2 @6 @ 


@ @ @ 


MAXIMUM RATINGS 7 oe 
Collector-Emitter Voltage. VCEO 


VEBO 
lin 70 


i Collector Current — Continuous" 


50°C (1) 


Total Device Dissipation @ Tes 
Derate above 50°C, 


Storage Temperature sae ~ 2 aes Le ater el "65 to +150 ee 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case... 


OUTLINE DIMENSIONS | 


a INCHES 
STYLE 2: o 
PINT: COLLECTOR: 
2. EMITTER 
3. BASE 
4, EMITTER 


2|S|9|9)}S|S|S1- 
S(rjiololol|o|— |= 
[00100105] Go | a] 
cnicn|e>|colcalen|en|™ 


NOTE: 
DIMENSION D NOT APPLICABLE IN ZONE N. 


ne Co MACRO-X 
f CASE 317-01 
SEATING PLARE 


MOTOROLA RF DEVICE DATA 
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MRF2369 


ELECTRICAL CHARACTERISTICS Te = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 1 mAdc, Ip = 0) | 
Collector-Base Breakdown Valtade V(BR)CBO 
(I¢ = 0.1 mAdc, IE = 0) mre 
Emitter-Base Breakdown Voltage | . V(BR)EBO 20. 7%  Vde 
(IE = 50 pAdc, ic = 0) 7 | | | | Sas 


Collector Cutoff Current 
(Vcgp = 15 Vdc, IE = 0) 


ON CHARACTERISTICS pe 
DC Current Gain | hee 300 
(I¢ = 30 mAdc, Vce = 5 Vdc) 
DYNAMIC CHARACTERISTICS 7 


Collector-Base Capacitance 
(Vcp = 10 Vde, le = 0, f = 1 MHz) 


Current Gain — Bandwidth Product 
(VcE = 10 Vdc, Ic = 40 mA, f = 1 GHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(I¢ = 5 mAdc, VcE = 10 Vdc) 


Noise Figure 
(lc = 5 mAdc, VcE 


RFC1 FB. py 25 29 fe“ ego” a RR 


V9 >A 4 %e 


Z1 22 23 24 Z6 Z7 28 
oe H _ aerate OX out 
Fr cg Os Cy I Ae ie 
C1 (VV C2 | | 
Cha) DUT 
Ci, C2, C6 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C7 0.018 uF Chip Capacitor Z1-Z29 Microstrip, See Photomaster 
C3, C8 0.1 uF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C9 1 wF Electrolytic Capacitor Board Material 0.0625” Teflon Fiberglass ey = 2.5 + 0.05 


R1 2.7 kQ 


Figure 1. MRF2369 1 GHz Test Circuit 


MOTOROLA RF DEVICE DATA 
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MRF2369 


Ae JUNDId ASION “AN 


Base Voltage 
ic, COLLECTOR CURRENT (mA) 


Collector Current 


. Gain at Noise Figure and 


Noise Figure versus Collector Current 
Ic, COLLECTOR CURRENT (mA) 


Vep, EMITTER BASE VOLTAGE (Vdc) 


Figure 7. Gain-Bandwidth Product versus 


Figure 3. Cin, Input Capacitance versus Emitter 


(GP) SHNDIS ASION LV NiV9 ‘Ng 


(@P) JUNDId ASION “AN 


— |$44/4)(1 — [Sool 


f, FREQUENCY (GHz) 


ob Coliector Cutput Capacitance 


Figure 2. Cop, Collector-Base Capacitance 
versus Voltage 


Veb, COLLECTOR BASE VOLTAGE (Vdc) 
f, FREQUENCY (GHz) 


oo 
er 
versus Frequency 


Hae 
HAT 


OQ N Qo won oo oo 
So NM sae eS = 


ure 4, Gain at Noise Figure and Noise Figure 


reper 
a ~ A 


Figure 6. Gy max and |So4|2 versus Frequency 
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MOTOROLA RF DEVICE DATA 
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MRF2369 


| 
(Voits) (mA) _. 


25 ee). 
10 


MRF2369 Common Emitter S-Parameters | 


MOTOROLA RF DEVICE DATA 


R2.0NK 


MIRF2369 


| NOTE: The Printed Circuit Board shown is 75% of the original. 


Photomaster of MRF2369 Circuit Layout 


MRF2369 Test Circuit 
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_ MOTOROLA | 
= SEMICONDUCTOR mummm 
TECHNICAL DATA 


MRF2628 


The RF Line a 
15 W 136-220 MHz | 

| 7 Haat a" RF POWER 
NPN SILICON POWER TRANSISTOR = | TRANSISTOR. 


Designed for 12.5 volt VHF large-signal power amplifiers in ee 


commercial and industrial FM equipment. 


e Compact .280 Stud Package 7 
- ® Specified 12.5 V, 175 MHz Performance 
Output Power = 15 Watts 
Power Gain = 12 dB Min — 
_ Efficiency = 60% Min 
e@ Characterized to 220 MHz . 
® Load Mismatch Capability at High Line and Overdrive 


MAXIMUM RATINGS 


Collector-Emitter Voltage Tae [i Vdc. . » B32NC Ty 

| Collector-Base Voltage | Vcpo {| 36 | Vde | ; MH rE | 
Emitter-Base Voltage ; a Vde  f | a ea her 
Collector-Current — Continuous oe Ae a Adc | STYLE 1: 

Total Device Dissipation @ Ta = 25°C a Watts | Aer ence Ts 

Derate above 25°C > 0. 23 — WC 3 EMITTER 

Storage Temperature Range °C ee a GRErEe Ton 
Junction Temperature = -3 ee Pec ce | 


THERMAL CHARACTERISTICS 
Characteristic 


| Thermal Resistance, Junction to Case 


on ~ 
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ud Lop) 
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CASE 244-04 


_ MOTOROLA RF DEVICE DATA 
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MRF2628 


eEeCUMGAE CHARACTERISTICS (Tc: = 25°C unless otherwise noted.) 


. Characteristic 
OFF CHARACTERISTICS _ 
Colliector-Emitier Breakdown Voltage 
fic = 26 mAds, Ip = O} 
Collector-Emitter Breakdown Voltage 
ied Ale 
Emitter-Base Breakdown Voltage 
(le = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current: 
(VcB = 15 Vdc, Ip = 


ON CHARACTERISTICS 
DC Current Gain. 

(Ic = 500 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS | 
Output Capacitance ~ 


ae Vas) mAGc, VBE = = 0) 


0) 


V(BR)CES S6y ooh as te ~ 


V(BR)CEO 18 = = ues 


(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz). 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 15 W, f = 175 MHz) 


Collector Efficiency © 
(Vcc = 12.8 Vde, Pout = 15 W, f = 175 MHz) 


Load Mismatch . 
(Vcc = 15.5 V, Pin = 2.0 dB Overdrive, Load VSWR = 30:1) 


No Degradation in 
Output Power 


FIGURE 1 — BROADBAND CIRCUIT a 


L1 


C2 


C1, C10, C11 = 1000 pF Ceramic Chip Capacitor 

C2 = 27 pF Mini Unelco Capacitor 

C3 = 33.pF Mini Unelco Capacitor 

C4, C5 = 270 pF Unelco J101 Capacitor 
C6, C9 = 18 pF Mini Unelco Capacitor 
~.C7 = 91 pF Mini Unelco Capacitor 

C8 = 68 pF Mini Unelco Capacitor 
~ C12 = 0.1 «F Monolythic Capacitor 

C13 = 100 uF, 15 V Electrolytic — 

L1 = -3 Turns #18 AWG, 3/16” ID 

L2 = 1 1/8" #18 AWG into 1/2" High Loop 


ae dh C7 


L3 = Copper Pad, 0.200 x 0.400 x 0.060 

L4 = 1/4” #18 AWG into 1/8” High Loop ie 
L5 = 3 Turns #24 AWG Enameled, 3/32" ID. - 

L6 = 6 Turns #24 AWG Enameled, 3/32” ID 

L7 = 1 3/4" #16 AWG into 3/4” High Loop 


~R1 = 12.0, 1/2 W Carbon 


R2 = 100.0, 1.0 W Carbon 
R3 = 10 0, 1.0 W Carbon 


-RFC1 = 0.15 wH Molded Choke 


RFC2 = Ferrocube Choke, VK200-4B 


_ MOTOROLA. RF DEVICE DATA 
3- 908 


MRF2628 


FIGURE 3 — OUTPUT POWER versus INPUT POWER | 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 


BANSHEE 
RQ 


(SLIWM) HIMOd LNdLNO 29g 


a INPUT POWER (WATTS) 


~ f, FREQUENCY (MHz) 


ae 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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f = 175 MHz 


f- = 220 MHz 


Vcc, SUPPLY VOLTAGE (VOLTS) 


ae SUPPLY VOLTAGE (VOLTS) 
FIGURE 6 — OUTPUT beset versus SUPPLY VOLTAGE 


FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE 
f = 136 MHz 


AWE ugay 


= 150 MHz 
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MOTOROLA RF DEVICE DATA 


rr Fre 


MRF2628 


FIGURE 8 — TYPICAL PERFORMANCE IN A FIGURE 9 — SERIES EQUIVALENT IMPEDANCE 
BROADBAND CIRCUIT 


stuessee 


= S 86 aed 176 eee RHA Peck 
Z Ue ea tr i Hitt eee 
e Pi, = 0.75 W a \\ Vet aD eae < 
: ee | ei ee 
g 8 He? 


i Normalized to 1 


tox 


0.62 + j0.39 5.25 — j2.46 


0.69 — j0.17 5.26 — j3.46 
0.68 — j0.61 5.23 — j4.14 
0.59 — j0.80 5.07 — j4.76 


*ZOL = Conjugate of the optimum load impedance into 
which the device operates at a given output 
power, voltage, and frequency. 


FIGURE 16 — BROADBAND TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


3-910 


MOTOROLA 


= SEMICONDUCTOR yy 
TECHNICAL DATA 


The RF Line. 


NPN SILICON RF POWER TRANSISTORS 


... designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power = 70 Watts 
Minimum Gain = 5.0 dB 
Efficiency = 55% 


@ Characterized With Series Equivalent Large-Signal Impedance 
Parameters . | 


@ Built-in Matching Network for Broadband Operation | 


@ Capable of Withstanding VSWR of 20:1 at Rated Poyt and 15.5 V 


MAXIMUM RATINGS | 


Collector-Emitter Voltage . ~ VcEO 


ie [ie 
Collector-Base Voltage ; VcBo Vde 
Emitter-Base Voltage VEBO © Vde 
, _ 20 Adc 
tot °C 


Total Device Dissipation @ Tc = 25°C | 250 Watts 
Derate Above 25°C - 1.43 ~ wW/°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case —  RAJC 


MOTOROLA RF DEVICE DATA 


3-911 


 MRF4070 


7OW 175 MHz 


- CONTROLLED O 
RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 


PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 
inn MILLIMETERS| — INCHES _ | 
| MIN | MAX | MIN [ MAX 
} A_| 24.38 | 25.15 | 0,960 | 0.990 
| BY | 12.95 | 0.490 | 0.510 | 
| C [| 5.97 | 7.62 | 0.235 | 0.300 | 
| D |. 5.33 | 5.59 | 0.210 | 


CASE 316-01 


MRF4070 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Coiiector-Emitter Breakdown Voitage V(BR)CEO 16 
fie = BO mAdc, le = 0} 


Collector-Emitter Breakdown Voltage 
(i¢ = 56 mAdc, Veg = 9) 


V(BR)CBO 36 aoe 


Emitter-Base Breakdown Voltage 
(Ig = 10 mAdc, Ic = O) 


Collector Cutoff Current 
(VcE = 12.5 Vde, Vee = O, Te = 25°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 Ade, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance ' 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 70 Watts, F= 175 MHz) _ 


Input Power - 
(Vcc = 12.5 Vdc, Pout = 70 Watts, f = 175 MHz) 


Collector Efficienty 
(Voc = 12.5 Vdc, Pout = 70 Watts, f= 175 MHz) 


C11 L1 ¢ci4 B 
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ak. ok 12.5 Vde 
C12 C13 


| RFC2 


C10 
25 , > out 


RFC1 


C1 
Aen ane 
C2 C3 1 C4 C5 C6 C7 C8 cg 


C1, C10 — 470 pF Unelco Z1 = Microstrip 0.5 em Wx 3.5 cm L RFC1 = 0.15 wH Molded Choke 

C2 — 40 pF Unelco Z2 = Microstrip 0.5 cm Wx 9.0 cmL RFC2 = 10 Turns #18 AWG Enameled 
C3, C4, C5, C6 — 150 pF Unelco 23 = Microstrip 0.5 cm Wx 1.0 cmL Wire on 470 ©, 2.0 W Resistor. 

C7 — 80 pF Unelco 24 = Microstrip 0.5 cm Wx 1.0 cmL 2 . 

C8 — 25 pF Unelco 25 = Microstrip 0.5 cm Wx 1.0 cmL Tbe Maint heck ake 

C9 — 15 pF Unelco | ? Z6 = Microstrip 0.5. cm Wx 9.0 cmL B = Fairite #2643021801, Ferrite Bead 
C11, C14 — 1000 pF Unelco Board Material = G10 

C12 — 0.05 uF Erie Disc Ceramic e xs | 

C13 — 10 pF Electrolytic. . . ; t= 62 mils 


MOTOROLA RF DEVICE DATA 
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MRF4070 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


FIGURE 4 — OUTPUT POWER versus FREQUENCY 
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Conjugate of the optimum load impedance into which the device output operates 


at a given output power, voltage, and frequency. 
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- MOTOROLA BF DEVICE DATA 
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MRF4070 


FIGURE 6 — OUTPUT POWER versus 
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FIGURE 7 — OUTPUT POWER versus VOLTAGE 
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FIGURE 9 — BROADBAND PERFORMANCE GAIN, 
RETURN LOSS, EFFICIENCY versus FREQUENCY 


OUTPUT POWER versus VOLTAGE 
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MOTOROLA RF DEVICE DATA 


3-914 


MOTOROLA 
me SEMICONDUCTOR & 


Fens VDU : = a z nee we 7 — 


: : | 2W — 400 MHz 
RF POWER 
-NPN SILICON RF POWER TRANSISTOR TRONSIStOP 


‘NPN SILICON 


... designed primarily for wideband large-signal driver and pre- 
driver amplifier stages in the 260-600 MHz frequency range. 


@ Specified 28-Volt, 400-MHz Characteristics — 
Output Power = 2.0 Watts . 
Minimum Gain = 12 dB 
Efficiency = 50% 


© Characterized from 200 to 600 MHz 


® Includes Series Equivalent |mpedances 


MAXIMUM RATINGS 
Pp Rating | Symbot_ 
: 
ee er 
coef 

Derate above 259°C 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


WRENCH FLAT ~ 
i 


STYLE 1: 
PIN 1 


THERMAL CHARACTERISTICS 


~ MOTOROLA RF DEVICE DATA 


3-915 


MRF5174 


ELECTRICAL CHARSCTERIOt cs Te= 25°C t unless otherwise noted.) 


seein > eee = CPO OR OT" 


OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Voltage V(BR)CEO 33 _ Vde 
| Bie tel ig = 0) | 
Bue rE Emiiier Breakdown Voitage ViBRICES | Vie 
(ic = 20 mAdc, Vee = 0) 

: 7 
. 


Pol tter- Base B Boake vonage 
= 71.0 meee ic= 


ON CHARACTERISTICS 
DC Current Gain 


(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 30 Vdc, te = 0, f = 1.0 MHz) ° 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 2.0 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 2.0 W, f = 400 MHz) 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 
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J_) Oo C AY O—O— 0+ 28 
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Cc1,9 —0O. 02 pF Chip . L1 = —3.9 wH Molded Choke 

C2 — 0.0-10 pF Johanson 2951 L2,4  — Ferrite Bead Ferroxcube 56-590-65-38 
C3 — 15 pF Unelco L3 — 0.15 wH Molded Choke 

C4 — 100 pF Unelco L5 — Ferrite Choke VK200-20-4B 

C5,6 —5.1 pF ATC 100 mil Chip . 7 

C7,8 —0.8—20 pF Johanson 3906 _Z1-Z5 — Microstrip, See Photomaster 

C10, 12 — 680 pF Feedthru 

C11 — 1.0 wF Tantalum 35 V Board Material — 0.062” Glass Teflon 

R1 — 2.7 Ohm 1/2 Watt 


MOTOROLA RF DEVICE DATA 


3-916 


MRF5174 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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(SLLYM) H3MOd LNdLNO 3%%q 


~ Pin, INPUT POWER (mW) 


f, FREQUENCY (MHz) 


SERIES EQUIVALENT IMPEDANCE 


FIGURE 5 - 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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*Z0L = Conjugate of the optimum load impedance into which the device output operates 
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at a given output power, voltage, and frequency. 


FIGURE 6 — 400 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


3-917 


MOTOROLA | 
= SEMICONDUCTOR Eom 


TECHNICAL DATA a | MRF5175 


| The RF Line  °£&|{f | 


5 W — 400 MHz 


RF POWER 
NPN SILICON RF POWER TRANSISTOR TRANSISTOR 
i 


NPN SILICON 


... designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-600 MHz frequency range. 


® Specified 28-Volt, 400-MHz Characteristics — 
Output Power = 5.0 Watts 
Minimum Gain=11dB 
Efficiency = 50% 


@ Characterized from 200 to 600 MHz 


@ Includes Series Equivalent Impedances 


| Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C (1). 

Derate above 25°C po 
Storage Temperature Range . -65 to +200 °C | 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


. EMITTER 

. BASE 

. EMITTER 

. COLLECTOR 


THERMAL CHARACTERISTICS 


CASE 244 


_ MOTOROLA RF DEVICE DATA 


3-918 


MRF5175 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. ) 


a 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage . VIBRICEO | 
| (Ic = 30 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage | V(BR)CES 
(i¢ = 30 mAdc, Vee = 0) : 


| Emitter-Base Breakdown Voltage . | Vieries0 | 
| (te = 1.0 mAdc, Ic = 0) 7 


Collector Cutoff Current: 
(Vcp =. 30 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 250 mAdc, VcgE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poy = 5.0 W, f = 400 MHz) 


| Collector Efficiency . 
(Voc = 28 Vdc, c, Pout = = 5.0 W, € = 400 MHz) 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


RFE 
Input 
C1,C10 0.018 UF VITRAMON Chip _ —L4 6 Turns, #20 AWG, 1/8" 1D | 
C2,C3,C9 1.0-10 pF JOHANSON Type 2951 L5 Ferrite Choke, FERROXCUBE VK200-20-4B 
C4 1.0-20 pF JOHANSON Type 3906 pt T ee oe eT 
C5 100 pF UNDERWOOD RON? R2 «5.1 Ohm, 1/8 Watt, 10% 
C6,C7 5.0 pF ATC Chip" ee: oo. . 
cB 0.1 pF ERIE Disc earanie 21,23 Microstrip Line, 0.1° Wx 0.5" L 
C11,C12 680 pF ALLEN BRADLEY Feedthru 22. Microstrip Line, 0.1°°W x 0.4" L 
be z24 ‘Microstrip Line, 0.075" Wx 2.5" L 

L1 3.9 tH Molded Choke aa are 
L2 Ferrite Bead, jaa 56-590-65-3B Board — Glass Teflon, €R = 2.56, t = 0.062 
“LS - 4Turns, #22 AWG, 0.1” input/Output Connectors — Type N 


MOTOROLA RF DEVICE DATA 
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FIGURE 2 — OUTPUT POWER versus FREQUENCY 


Pout, QUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


SES SOO ON 
M00 MHZ 25% 500 MHz SSS 


Pout. QUTPUT POWER (WATTS) 


200 MHz 3 
400MHz = | 1.1+j2.0 | 7.1 — j23 [& 
600MHz | 1.3+j3.5| 11 —jt2 


, /, . 
BLS. 
= NX rs OO, 
3 be os 
rN ae 
2 


£ 7200 MH xX 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — 400 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


3-920 


a SEMICONDUCTOR & 


MOTOROLA 
TECHNICAL DATA 


| | The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-600 MHz frequency range. 


@ Specified 28 Volt, 400 MHz Characteristics — 
Output Power = 15 Watts” 
Minimum Gain = 10dB 
Efficiency = 50% 


® Characterized from 200 to 600 MHz 


® Includes Series Equivalent |!mpedances 


MAXIMUM RATINGS 


a 
[Cotectorseie Vola ———~S~S~*d~C cw | 80 
[EniverSame Vor Sd; Cw 8 
[CotectorGurene—Contnusis——SSC~*dSCte« 2 
0 


Total Device Dissipation @ Ta = 25°C (1) 
Derate above 25°C 170 
Storage Temperature Range .- -65 to +200 ae. 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


Vde | 
. Vde 
Vdc 
Adc 
2. eG 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ReJc | 60) | cw CO 


3-921 


Watts 
—mw/°c. -f 


MRF5176 


15 W — 400 MHz | 


RF POWER © 


TRANSISTOR | 


NPN SILICON 


Cc 
| 
| U 
- STYLE 1: 
PIN 1, EMITTER 
2, BASE 
3, EMITTER 


4. COLLECTOR 


MILLIMETERS 


~~ 
Land 
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MOTOROLA RF DEVICE DATA 
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2,92 3.68 | 0.115 | 0.145 


MRF5176 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


: Characteristic . 


OFF CHARACTERISTICS 


j Collector-Emitie: Breakdown Voltage , | V(BR)CEO | Vde | 
L (Ic = 50 mAdc, tp = Q) 


j Coliector- Emitter Breakdown Voitage VIBRICES | 
| (ig = 50 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 2.0 mAdc, Ic = 0) 

Collector Cutoff Current IcBo mAdc 
(Vopg = 30 Vde, Ie = 0) 


ON CHARACTERISTICS 
| DC Current Gain 


(I¢ = 500 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Poyt = 15 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 15 W, f = 400 MHz) 


FIGURE i — 400 Mriz TEST CIRCUIT SCHEMATIC 


C11 is | : 28 Vdc 
RF 
Output 
RF- 
input 
C1,C10 0.018 UF VITRAMON Chip L1. 3.9 WH Molded Choke R1 207 22, 1/8 W, 10% 
C2,C3,C8 1.0-20 pF JOHANSON Type 3906 L2 Ferrite Bead, FERROXCUBE, 56-590-65-3B R2 5.1 Q, 1/8 W, 10% 
C4 100 pF ENDER Wes? (UNELCO) L3 3 Turns, #20 AWG, 0.1 i LD 21 Microstrip Line, 0.1 Wx 1.2” L 
a 56 pF atid “ L4 6 ee #20 AWG, 1/4"° 1D eae é Z2 Microstrip Line, 0.257 Wx 0.7" L 
0.1 WF Disc Sramalc LS Ferrite Choke, FERROXCUBE, 200-20-4 23,24 Microstrip Line, 0.075” W x 1.25” L 
c9 1.0-20 pF JOHANSON Type 3906 , 
C11 1.0 uF, 35 V TANTALUM Board — Glass Teflon, €p = 2.56, t = 0.062” 
C12,C13 680 pF ALLEN BRAD LEY Feedthru : Input/Output Connectors — Type N 


MOTOROLA RF DEVICE DATA 


3-922 


MRF5176 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) | 


4 


BO 
an fom) on cn 


_ 
~~ 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 6 — 400 MHz TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


A NAAN 


MOTOROLA 


= rsh inh gh td de MRF5177 


MRF5177A 


30 W, 400 MHz 


RF POWER TRANSISTOR 
NPN SILICON — 


NPN SILICON RF POWER TRANSISTOR | 
| tt ne 


a 
ling 


... designed for VHF/UHF power amplifier applications. This device 
is optimized for rugged performance in 225-400 MHz communications 


equipment. BI 
STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER 
@ Performance @ 400 MHz, 28 Vdc — 4, COLLECTOR 


Power Output = 30 W (Min) 
Gain = 6.0 dB (Min) | 

@ Isothermal Design for Rugged Performance — 
Tested at 30:1 VSWR through all phase angles 


MILLIMETERS INCHES 
bIM| MIN | MAX | MIN | MAX 
ra toa | 7a | 0370 T0386 | 


[BT ai3 | 838 | 0320 | 0.330 
17.02] 20.07 | 0.670 | 0.790 


0,098 0.132 
CASE 145A-09 
MRF5177A 


MAXIMUM RATINGS 


STYLE 2: 
PIN 1, BASE 
2, EMITTER 
3, COLLECTOR 


Total Device Dissipation @ Tc = 25°C) (1) . 58 
Derate Above 25°C at 0.33 - Ww 


Storage Temperature Range oe -65 to +200 


(1) This device is designed for RF Power Operation. The total device dissipation rating 
applies only when the device is operated as a Class C RF Amplifier. 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case .O 


0.535 


| K | 13.08 113.59 | 0.515 {0. 
Pt {9.91 [10.41 | 0.380 _[0. 
PM |" 45° NOM [45° NOM | 
TQ | 2.92 | 3.18 | 0.115 | 

| R_ | 1.52 | 2.03 | 0.060 


Ps | = [5.38 | = | 
2.54 | 0.080 


MRF5177 


MOTOROLA RF DEVICE DATA 


3-924 


MRF5177, MRF5177A 


ELECTRICAL CHARACTERISTICS aioe 25°C unless otherwise noted) 


_OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage 


viericzo | 35 Vde 
(I¢ = 50 mAdc, |g = 0) 
Coliector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 50 mAdc, Vee = 0) 
2.0 


Emitter-Base Breakdown Voltage eee a 


(IE = 2.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 30 Vdc, IE = 0) 


ON CHARACTERISTICS. 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 
(Ic = 4.0 Adc, Voce = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capactiance 
(Vcp = 28 Vdc, ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figures 1 and 9) 


Common-Emitter Amplifier Power Gain 
(Pout = 30 W, Vcc = 28 Vdc, f = 400 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 28 Wade: f = 400 MHz) 


Saturated Power 
(Pin =11W, Vcc = 28 Vde, f = 400 MHz) 


Electrical Ruggedness VSWR > 30:1 through all phase angles in a 3 second time interval, 
(Pout = 30 W, Vcc = 28 Vdc, f = 400 MHz, Te < 50°C). : After which, devices will meet Gpg test limits. 


‘FIGURE 1 — 400 MHz TEST CIRCUIT 
(Typical Performance Data for 300-500 MHz Operation) 


Vcc 
RE 
OUTPUT 
RF y 
INPUT 


C1,2,3,4,5 40-40 pF ARCO 422 or equivalent 
C6,C7 100 pF ATC. or equivalent 
C8 10,000 pF ATC or equivalent 
.C9 1.0 pF, 35 V Tantalum 
L1,L2 4 Turns, #20 AWG, 1/4” 10 
L3 Ferrite Bead, Ferroxcube 56-590-65/3B 
R1 2.7 ohms, 1/4 W, Carbon 
Board Material: 
1/16" Teflon Fiberglass — 
1 oz. copper, two-sided 
= . Z1 0.3" Width,.x 2.7” Length | 
22 0.3’ Width, x 2.7" Length 


- FIGURE 2 — 200-300 MHz TEST CIRCUIT 
(Typical Performance Data) 
> VCC 


RF 
OUTPUT 


€1,02,C3,C4 7.0-100 pF ARCO 423 or equivalent 
C5,C6 100 pF Porcelain Chip Capacitor 
(ATC-100 or equivalent) 
C7 10,000 pF Porcelain Chip Capacitor 
(ATC-100 or equivalent) 
C8 1.0 uF, 35-V Tantalum 
L1,L2 7 Turns #20 AWG, 1/4” ID 
Beads, Ferroxcube 56-590 65/3B 
R1 2.7 ohms, 1/2 W, Carbon 
Z1 0.3’ Width x 3.31” Length 
22 0.3” Width x 4.53” Length 
Board Material: 
1/16” Glass-Teflon 
1 oz. Copper, 2-sided 


INPUT 


MOTOROLA RF DEVICE DATA 


3-925 


MRF5177, MRF5177A 


_ FIGURE 3 — OUTPUT POWER versus FREQUENCY FIGURE 4 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) | 


~ 200 300 400 500 1.0 3.0 - 50 bo Oe << 9.0 


f, FREQUENCY (MHz) , Pin, INPUT POWER (WATTS) 
FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 


12 16 20 24 28 
Vec, SUPPLY VOLTAGE (VOLTS) Vec, SUPPLY VOLTAGE (VOLTS) 
FIGURE 7 — RF POWER DERATING FIGURE 8 — SERIES EQUIVALENT IMPEDANCE 
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Pp, RF POWER DISSIPATION (WATTS) 


SOS Ee : : 
JS SOS CO 200 MHz |1.1+j1.2)6.7-j 43 
/ eeoeeareatets SSS <Plee 300 MHz |1.0+j2.2/6.4-j3.6 
SSS OE EEE 3 HF 
SS SSSR Ete HH = 400 MHz (|1.0 +) 3.8}6.1-j 2.7 
: <“, o' ro Sios - . ot : 
OSES Mr Soomie, N10 831871 12 
Tc, CASE TEMPERATURE (°C) *ZQL = Conjugate of the optimum load:impedance into which the device output operates 


at a given output power, voltage, and frequency. 


MOTOROLA RF DEVICE DATA 


3-926 


MOTOROLA 
SEMICONDUCTOR | 
TECHNICAL DATA 


MRF5711 © 
BF430* — 
MRF5711L | 
BF430L* — 


*European Part. Numbers 


‘The RF Line | 
NPN Silicon ee. 
High-Frequency Transistor 


.. . designed primarily for use in the high-gain, low-noise small-signal amplifiers 
for operation up to 3.5 GHz. Also usable in applications requiring fast switching 
times. - 
® High Current-Gain-Bandwidth Product — ft = 7.5 GHz (Typ) @ Ic = 50 mAdc 
@ Low Noise Figure @ f = 1 GHz — NF(matched) = 1-6 dB (Typ) 
@ High Power Gain — Gpe (matched) = 13.5 dB (Typ) 
® Guaranteed RF Parameters 
® Surface Mounted SOT-143 Offers Improved RF Performance 
Lower Package Parasitics | | 
Higher Gain 
® Available In Both Standard Profile (MRF5711) and Low Profile (MRF5711L) 
® Tape and Reel Packaging Options ~ ) 


SURFACE MOUNTED 
HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


| 3 
; 1 4 
2 : . 
CASE 318B-01 _ 
SOT-143 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C | a 


MAXIMUM RATINGS | 


Total Device Dissipation(1) @ Tc = 75°C 0.58 Watts 
Derate above 75°C : 7.73 °° mW/°C 
Maximum Junction Temperature _ | TJjmax 
Storage Temperature Range —65 to +150 — 


THERMAL CHARACTERISTICS 


eJC 130 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) . 


SSCs i Sembt | min | tw [Max [Ue 


OFF CHARACTERISTICS : | 
Collector-Emitter Breakdown Voltag . | ViBRJCEO | 10> 12 
(Ic = 1 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage ~ ° | ViBR)EBO 25 
(IE = 50 wAdc, ic = 0) 


Note 1. Case Temperature is measured on the collector lead where it first contacts (continued) 
the printed circuit board closest to the package. 
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MRF5711, MRF5711L 


ELECTRICAL CHARACTERS — continued (Te ° = 25°C unless otherwise noted.) 


~ Characteristic 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 30 mAdc, Vce = 5 Vdc) 


DYNAMIC CHARACTERISTICS 


| Collector-Base Capacitance Figure 1 | Cob | a 0.75 1 | pF 
| (Veg = 6 Vde, Ip = 0, f = 1 MHz) | | | 
| 
| 


(Vce = 8 Vdc, ic = 56 mA, f = 7 GHz) 


FUNCTIONAL TESTS 


| Power Gain at Minimum Noise Figure 
(VcE = 6 Vdc, Ic = 5 mA, f = 1 Ghz) 
Noise Figure 
(VcE = 6 Vde, ic = 5mA,f = i GHz) . 
Power Gain in 50 0 System | Figure 2 . 
(VcE = 6 Vdc, Ic = 5 mA, f = 1 GHz) 


Noise Figure Figure 2 
(VcE = 6 Vdc, Ic = 5 mA, f = 1 GHz) 


w 


NF, NOISE FIGURE (dB) 
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on SPSS 
LS 


Gyr, GAIN (dB) 


- Cob, COLLECTOR-BASE 
CAPACITANCE (pF) 


a | 
SEP eerie , 
| a 
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2 0.5 
Veb: sieeror BASE Woitice (VOLTS) f, FREQUENCY (GHz) 
Figure 1. Collector-Base Capacitance Figure 2. Gain and Noise Figure 


versus Collector-Base Voltage : | mS versus Frequency 


VcE = 6 Vde *MICROLAB 
HW-XXN 
AS APPLICABLE 


< RF OUTPUT 
*BIAS 
TEE 


RF INPUT **SLUG TUNER 
—*BIAS = **SLUG TUNER . 


TEE. 


ae **MICROLABIFXR 
i SF — 11N <1 GHz 
SF — 31N > 1GHz 


Figure 3. Functional Circuit Schematic 
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MRF5711, MRF5711L 
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Figure 4. Gain and Noise Figure 


Figure. 5. Gain and Noise Figure — 


versus Frequency 


versus Collector Current 
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Figure 7. Gain Bandwidth Product 


Figure 6. Gain and Noise Figure | 


versus Collector Current 


versus Collector Current 
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Figure 8. GUmax and |S24/2 


Figure 9. Insertion Gain 
versus Collector Current 


versus Frequency 


MOTOROLA RF DEVICE DATA 


2 ANN 


MRF5711, MRF5711L 


COMMON EMITTER S-PARAMETERS 


6 5 200 0.79 
500 0.72 
1000 0.69 
| | fo 
| | 1 2e00 | 0.65 
| | 10 200 0.72 
| | 500 | 069 
| | 1000 0.67 
1500 0.64 
2000 0.64 
50 0.67 
0.67 
| 0.66 
0.63 
0.58 
8 5 200° 0.80 
500 0.72 
1000. 0.70 
1500 0.66 
2000 0.61 
10 200 0.72 
500 0.68 
1000 0.66 
1500 0.64 
2000 0.60 
50 200 0.66 
500 0.65 
1000 0.64 
1500 0.61 
2000 | 0.58 137 


OUTLINE DIMENSIONS 


-* MILLIMETERS 
MIN A 
| A | 280 | 3. 
| B | 1.20 
STYLE 1: | ¢ | 085 | 114 | 0. 
PIN 1. COLLECTOR Tp [0.38 : ; 
2. EMITTER | F | 085 | 015 | 0. 
3. EMITTER s+ 18 | 2.03 | 0.070 | 0. 
4. BASE | H | O51 | 0.60 | 0.020 | 0. 
. | K | 010: | 0.25 
{it | at | 248 | 0.083 | 0. : 
| M | 046 | 060 | 0018 | 0. 
PR [ o71 | 083 | 0.028 | 0.033 | 
{-u [ 07 | 08s [0.031 | 0.035 | 
*/| K | 0.013 | 0.102 
7 *Low Profile = Case 318A-02 
T 2 CASE 318B-01 


SOT-143 


MOTOROLA RF DEVICE DATA 
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MOTOROLA a | 
= SEMICONDUCTOR se 
TECHNICAL DATA | 


MRF5812 
BF433* 


The RF Line 
NPN Silicon | 
RF Low Power Transistor 


_ *European Part Number 


SURFACE MOUNT 


... designed for high current, low power amplifiers up to 2 GHz. . a | LOW POWER 
® High Current Gain-Bandwidth Product — fy = 5.5 GHz (Typ) @ Ik = 75 mA . TRANSISTOR 
@ Low Noise — 2 dB (Typ) @ 500 MHz So . NPN SILICON | 
@ Low Intermodulation Distortion 


High Gain — 15.5 dB (Typ) @ 500 MHz | | | | 
Low Cost SORF Plastic Surface Mount Package —- Ce 
® State-of-the-Art Technology . 

Fine Line Geometry . 
Gold Top Metal and Wires Sl BO 
Silicon Nitride Passivated a . 

lon Implanted Arsenic Emitters 7 
Die Same as MRF581,A . . CASE 751-02 


SORF 
(SO-8) 


Rating Symbol 
2 
2 


MAXIMUM RATINGS 


Collector-Emitter Voltage . - VCEO 
Collector-Base Voltage 7 - VCBO 
Emitter-Base Voltage | - oe . VEBO 
Collector-Current — Continuous 
Total Device Dissipation @ Tc = 80°C (1) 1. 
Derate above 80°C a - . 22.2 
Total Device Dissipation @ Ta = 25°C | 1.5 
Derate above 25°C 11.8 


Operating Junction and Storage Temperature Range —65 to +150 °C 
THERMAL CHARACTERISTICS sO 


5 
0 
5 


Characteristic Symbol 


Thermal Resistance, Junction to Case | Rese 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) . — 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


(1) Case temperature is measured on the collector lead where the lead contacts the printed (continued) 
circuit board closest to the body of the package. 
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MARFOS12Z 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


DYNAMIC CHARACTERISTICS 


Dm 
VGVUSLLYUE DGS Vayavultaiivec 


Hector Reon Camanitanan | | Cob 
(Vee = 10 Vde, Ie = 0, f = 1 MHz) 


| 
\ 
| 
| Current-Gain Bandwidth Product (1) 
(Ic = 75 mAdc, Vcg = 10 Vde, f = 1 GHz) 
FUNCTIONAL TESTS 

Noise Figure (Optimum) 


(lc = 50 mAdc, Vce = 10 Vde, f = 0.5 GHz) Figure 4 


NF 

| Noise Figure (50 Ohm Insertion) NF 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 0.5 GHz) Figure 5 

Power Gain Associated with Noise Figure GNF 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 0.6 GHz) Figure 5 


Maximum Unilateral Gain (1) . GUmax 
(lc = 75 mAdc, VcE = 10 Vdc, f = 0.5 GHz) . 


Intermodulation Distortion (2) Figure 1 IMD(d3) 
(VcE = 10 V, Ic = 75 mA, Vout = +50 dBmV) 
[S21l2 


. (1 — |Sq4l) (1 — [S2a/4) 
(2) 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone Reference. 


TT 
eT 
aan 

= 

— 


Notes: (1) Characterized on HP8542 Automatic Network Analyzer. GUmax = 


*HP11590B BIAS **MICROLAB FXR 


VBE: NETWORK SF-11N FOR f < 1 GHz 
SF-31N FOR f > 1 GHz 
KEE 


—_—$$___________, — I 
RF INPUT. @ fF | **SLUG TUNER 


Vce = 10 Vde 


*BIAS 
TEE 


C, CAPACITANCE (pF) 
C, CAPACITANCE (pF) 


| 
ee 
Ee 


Vep, EMITTER-BASE VOLTAGE (VOLTS) -Veb, COLLECTOR-BASE (VOLTS) 


Figure 2. Cjp Input Capacitance versus Voltage Figure 3. Cobh, Cop Collector-Base Capacitance 
versus Voltage 
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MRF5812 
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Ic, COLLECTOR CURRENT (mA) 


Figure 5. Noise Figure and Gain Associated with Noise 


Figure 4. Noise Figure and Gain Associated with Noise | 


Figure versus Frequency 


Figure versus Collector Current 
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Figure 6. GUmax — Maximum Unilateral Gain, 
|S24|2 versus Frequency 


Figure 7. GAmax, Maximum Available Gain 


versus Frequency 


3RD ORDER 
INTERCEPT 
fy = 497 MHz 
fy = 503 MHz 


VcE = 10V 
Ic = 75 mA 


(245) LONGOYd HLOIMONVE-NIVO ‘y 


So 
w+ 
+ 


ace 
TEENS 
TTA 


Pin, INPUT POWER (dBm) 


Ic, COLLECTOR CURRENT (mA) 


Figure 9. 2nd and 3rd Order Intercept Points and 1 dB 


Figure 8. Gain-Bandwidth Product versus 


Compression Point 


Collector Current 
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MARFS812 


5 25 


o1 
(<>) 


7° 
fo 


NOGA! OHA HhAADA MSO AHAODA(ODeaA»ah!l anno ana 


NAD gy DOAN ADD! TAMIMDAADAMHDAWAD TAUIMMHOD! AMARA A 
= 0 


0 
0. 
0. 
g. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. . 
0. . 
0. . 
0. . 
0. . 
0. . 
0. 0.5 
0. 0.36 
0. 0.33 
0. 0.31 
0. 0.27 
0. 0.25 
10 25 0. 0.56 
0. 0.29 . 
0. 0.25 
0 2.5 0.26 
0.55 1.4 0.35 
0.55 1 0.4 
50 0.63 22.9 . 0.5 
0.62 8.8 . 0.28 
0 5.2 0.07. 0,24 
0. 2.7 0.12 0.23 
0. 1.5 0.26 0.28 
0 1.2 0.39 . 
75 0.63 23.8 0.03 
| 0.63 9 0.05 0.22 
i 0.62 5.5 0.07 
0.58 2.8 0.12 
0.52 1.5 0.26 
0.5 1.2 0.39 
0.62 23.8 0.03 
0.62 8.9 0.05 
0.6 5.4 0.07 
0.57 2.8 0.12 
0.51 1.5 0.27 — 
0.5 1.2 0.39 
15 25 ~ 0.66 21 0.03 
0.63 8.5 0.05 
0.61 5.2 0.06 
0.58 2.6 0.11 
0.54 1.4 0.23 
. 0.56 4 0.37 
0.62 - 0.03 
0.6 0.05 
0.58 0.07 
; 0.56 0.12 
0.52 0.25 
0.52 0.37 
75 0.62 0.03 
0.59 0.05 
0.58 0.07 
0.56 0.12 
0.5 0.25 
52 0.37 
100 .62 0.03 
6 0.05 
.58 0.07 
.56 0.12 
5 0.25 
5 0.37 


Figure 10. Common Emitter S-Parameters 
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MRF5812 


OUTLINE DIMENSIONS 


et 
1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 
.. POSITIONAL TOLERANCE FOR D DIMENSION 
(8 PLACES): 


4] 0.25 (0.010) @ Te Ola O| 
- POSITIONAL TOLERANCE FOR P DIMENSION 
(4 PLACES): 


+ [025 co Ole O| 

_ DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

_ MAXIMUM MOLD PROTRUSION 0.15 (0.008 
PER SIDE. 


— a > INCHES J 

ORC Dene [hero STYLE1:; 

[Bp | 390 | 400 | 0.150 | 0.157 | PIN 1. EMITTER 

Pc 1.35 [1.75 | 0.054 | 0.068 | i 2, COLLECTOR 
35 | 049 | 0.014 | 0019 . COLLECTOR 


~ EMITTER 


CASE. 751-02 
-SORF 
~{SO-8). 


MOTOROLA RF DEVICE DATA 


qaaoc 


MOTOROLA. 


ma SEMICONDUCTOR | 
TECHNICAL DATA | 


The RFLine ms Sk MRFS8372 
MEN eErIGOn 
RF Low Power Transistor 
750 mW 870 MHz 
. designed primarily for wideband large signal predriver stages in 800 MHz and UHF RF LOW POWER 
frequency ranges. _— TRANSISTOR 


@ Low Cost SORF Plastic Surface Mounted Package 
@ State-of-the-Art Technology 


@ Specified @ 12.5 V, 870 MHz Characteristics | : oe NPN SILICON 
Fine Line Geometry | 
Gold Top Metal and Wires. 


Output Power = 750 mW | 
8 g & 
WAN 
Silicon Nitride Passivated | ' 


’ Common Emitter Power Gain = 10 dB (Typ) 
Efficiency 60% (Typ). 

lon Implanted Arsenic Emitters —_ _ _ - Oe | CASE 751-02 
. | . SORF 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage = oo BS 

Emitter-Base Voltage ne ee oe a — 

Collector-Current — Continuous . a ce co : 2 

total Device Dissipation @ ic = 8UC (1) | . watis 
Derate above 80°C . CO 3? mWw/°C 


Total Device Dissipation @ Ta = 
Derate above 25°C 


Operating Junction and Storage Temperature Range 
THERMAL CHARACTERISTICS . 


Characteristic 


Thermal Resistance, Junction to Case 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = 5 mAdc, Ip = 0) Vianiceo. oe 
Collector-Emitter Breakdown Voltage (Ic = 5 mAdc, VBE = _V(BR)CES ae 
Emitter-Base Breakdown Voltage (ig = 0.1 mAdc, Ic = 0) M(BRIEBO a ee eee 


Collector Cutoff Current (VcE = 15 Vde, VBE = 0, Tc = 25°C) - ICES 


ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mAdc, Voce = 10 Vac) ee [= 


(1) Case temperature is measured on the collector lead where the lead contacts the printed - (continued) 
circuit board closest to the body of the package. 
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ELECTRICAL CHARACTERISTICS — ssominued (Tc = 25°C unless otherwise noted.) 


‘Characteristic | 


~ DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 15 Vdc, Ie = 0, f = 1 MHz), 


FUNCTIONAL TESTS . 
Common-Emitter Amplifier Power Gain “Figures 1,3° 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 


Collector Efficiency Figures 1,3 
(Vcc = 12.5 Vdc, Pout = 0. 75 W, f = 870 we 


ws as ek A L1,L2 — 4 Turns, #21 AWG, 5/32" !D | 
C1,C5 — 0.8-8 pF Johanson Gigatrim L3. —7 Turns, #21 AWG, 5/32" ID 


C2,C3-— 10 pF Ceramic Chip Capacitor = ae Z2 — 1” x 0.078” Microstrip, Z9 = 50 Ohms 
C6 —91 pF Clamped Mica, Mini- Underwood ons : Z3  —0.25"x 0.078" Microstrip, Zo = 50 Ohms 
C4 —47 pF Ceramic Chip. Capacitor or 24. —0.15"x 0. 078” Microstrip, Z9 = 50 Ohms 
C7. —Q91 pF Clamped Mica, Mini- =p naemmeed is Z5 . — 0.30" x 0.078” Microstrip, Zp = 50 Ohms 
C8 —1yuF25V Tantalum | tee aye Z6 — 1.63" x 0.078" Microstrip, Zo = 50 Ohms 
B — Baae Ferroxcube 56-590-65/3B ae: PCB. — 1/32” Glass Teflon, ae 2.56 


Figure 1. 800-— 900 Miz Broadband Circuit 


800/900 MHz BAND DATA 


Vcc = 12.5 Vde 


COLLECTOR 
EFFICIENCY 


Gpe, GAIN (dB) 


= = 
ae 


i is ce RR 
800 - . 820 840 860. 880 900 
f, FREQUENCY (MHz) 


INPUT 
RETURN LOSS 


Figure 2. Typical Broadband Performance 


MOTOROLA RF DEVICE DATA 


3-937 


MRF8372 


MRF8372 750 mW [ae 
800-900 MHz 


NOTE: The Printed Circuit Board shown is 75% of the original. 
Figure 4. 800-900 MHz Broadband Circuit Photomaster 


7 CCT 


f = | Pout 806 MHz = Pout 806 MHz = 
Frequency Pout 870 MHz = Pout 870 MHz 
MHz Pout 960 MHz Pout 960 MHz = 


24.7 — j19.2 20.9 — j31.0 
36.9 — j205. 32.1 — j26.6 


6.1 +.j25 | 39.3 —j185 36.3 — j25.7 


*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 


Figure 5. Zj, and ZOL versus Collector Voitage, Input Power and Output Power 
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© 300 3 
[a 
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Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 


Figure 6. Output Power versus Input Power 
, _f = 870 MHz 


Figure 7. Output Power versus Frequency 
Vec = 75 Vde 7 


ea 


cj 


fe 


Pout, OUTPUT POWER (mW) 
Pout, OUTPUT POWER (mW) 


[a 
i3 
= 


- 
ery 
| 
cami 
ssn 
rt 
ef ft 
| | | 


Vcc, COLLECTOR VOLTAGE (Vdc) f, FREQUENCY (MHz) 


Figure 8. Output Power versus Collector Voltage 
f = 870 MHz | 


Figure 9. Output Power versus Frequency 
Vec = 12.5 Vde 


OUTLINE DIMENSIONS 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND TISA 


STYLE 1: 
PIN 1. EMITTER 


MILLIMETERS | INCHES | 
| MIN | | MIN | 


2. COLLECTOR 
3. COLLECTOR 
. EMITTER 
EMITTER 
BASE 
BASE 
EMITTER 


7 [RX 48° 


OnNons 


SEATING 
PLANE 


p—>||<se -'K 


Ld 


w 


am > 


~~ 


DATUM SURFACE. 
POSITIONAL TOLERANCE FOR D DIMENSION 
(8 PLACES): 


| +| 0.25 (0.010) @| T]B Ola O| 


POSITIONAL TOLERANCE FOR P DIMENSION 
(4 PLACES): 

| + | 0.25 (0.010) ®|B_ @ | 
DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


. CONTROLLING DIMENSION: MILLIMETER. 
. DIMENSION A AND B DO NOT INCLUDE MOLD 


PROTRUSION. 


. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 


PER SIDE. 


MOTOROLA RF DEVICE DATA 


9 ann 


[MAX | 

| A | 480 | 5.00 | 0,189 | 0.196 | 
| B | 380 | 400 | 0.150 | 0.157 

fc | 135 | 175 | 0.054 | 0.068 
| pd | 035 | 049 | 0.014 | 0019 | 
| F [ 040 | 1.25 | 0.016 | 0.049. | 
|G | 127BSC__ | 0.050BSC__ | 
J {| 019 | 0.25 | 0.008 | 0.009 | 
Af ot 025 ood | 0008 | 


CASE 751-02 
SORF 
_ (SO-8) 


MOTOROLA | 
ss SEMICONDUCTOR § 
TECHNICAL DATA 


MRFS011 
BF431* 
MRFSOTiIL 


- 


quency Transistor 


a *European Part Numbers 
... designed primarily for use in high-gain, low-noise small-signal amplifiers for : 


operation up to 2.5 GHz. Also usable in applications requiring fast switching times. | 
SURFACE MOUNTED 


~HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


$ nigh Current-Gain-Bandwidth Product — f— = 3.8 GHz (Typ) @ ic = 15 mAdc 
Low Noise Figure @ f = 1 GHz — NF(matched) = 1.8 dB (Typ) 
High Power Gain — Gpe(matched) = 13.5 dB (Typ) @ f = 1 GHz 
Guaranteed RF Parameters 
Surface Mounted SOT-143 Offers Improved RF Performance 

Lower Package Parasitics 

High Gain | . . 
Available In Both Standard Profile (MRF9011) and Low Profile (MRF9011L) 
Tape and Reel Packaging Options . 


CASE 318B-01 
SOT-143, 


MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Tc = 26°C 0.30 | Watt - 
Derate above 25°C | ss 3.3 mW/°C 


Storage Temperature Range — 65 to. + 150 


_ ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) | | | 
Pp eharacteristic | Symbot | Min | typ | Max | unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdsc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hE 30 200 
(IC = 5 mAdc, Vcge = 5 Vdc) . 


(continued) 


MOTOROLA RF DEVICE DATA 
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MRF9011, MRF9011L 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Characteristic 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product Figure 6 


(Ic = 15 mAdc, Vcg = 10 Vde, f = 1 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure Figure 5 
(VcE = 10 Vdc, ic = 5 mA, f = 1 GHz) » 


Figure 1 


Noise Figure | Figure 5 


(VcE = 10 Vde, Ic = 5 mA, f = 1 GHz) 


Power Gain in 50 0 System - . Figure 2 
(VCE = 10 Vde, Ic = 5 mA, f = 1 GHz) | . 


Noise Figure Figure 2° 
(VCE = 10 Vdc, Ic = 5 mA, f = 1 GHz . 


Cob, COLLECTOR-BASE 
CAPACITANCE (pF) 
Gy, GAIN (dB) 

NF, NOISE FIGURE (dB) 


0 2 4 6 8 10 12 14 16 0 3 6 9 12 1 
Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Collector-Base Capacitance | . Figure 2. Gain and Noise Figure 
versus Collector-Base Voltage __ versus Collector Current 


Veep = 6Vdc * MICROLAB HW-XXN 
(XX IS SELECTED. 

_ PER FREQUENCY RANGE 
OF INTEREST) 


RF OUTPUT 


*BIAS 
TEE 


**SLUG TUNER 


RF INPUT 


*BIAS 


**SLUG TUNER 
TEE . 


aE -#* MICROLAB/EXR 
SF-11N FOR f < 1 GHz 
SF-31N FOR f > 1 GHz 


Figure 3. Functional Circuit Schematic 


MOTOROLA RF DEVICE DATA 


Gig, GAIN (dB) 


MRF9011, MRF9011L 

“T Tt TET tL? 

32 Sf | VCE ; vec | | | 4 
Nr eae 

wt +N {ert 2 

ot EL LPN, 
| LAT aa 

le | be \N 


F, GAIN-BANDWIDTH PRODUCT (GHz) 
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Figure 4. Gain and Noise Figure 
. versus Frequency 


Figure 6. Gain-Bandwidth Product 


versus Collector Current 
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Figure 8. Maximum Unilateral Ga 
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Giye, GAIN (dB). 


3-942 


[So4/2, INSERTION GAIN (dB) 
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Ic, COLLECTOR CURRENT (mA) 


Figure 5. Gain and Noise Figure _ 
versus Collector Current 


f, FREQUENCY (GHz) 


Figure 7. Insertion Gain versus Frequency 


STYLE 1: 


MOTOROLA RF DEVICE DATA 


PIN 1. COLLECTOR 
2. EMITTER 
3. EMITTER 
4. BASE 


DIMENSIONS 


* Low Profil 


I 
CE = 10 Vdc il 
ail 


= Case 318A-02 


CASE 318B-01 
SOT-143 


NF, NOISE FIGURE (dB) 


MIRF9011, MRF9011L 
COMMON EMITTER S-PARAMETERS 


| Vce | Ic f ae $11 ‘ae os SqQ 
(Vde) | (mA) | (MHz) Lo Sa | (Saal | be 


MOTOROLA RF DEVICE DATA 


3-943 


MOTOROLA | 
m= SEMICONDUCTOR mam 
TECHNICAL DATA -_ 


iticon IRF9331L 
equency Transistor — BF432L* 


*European Part Numbers 


... designed primarily for use in low power amplifiers to 1 GHz. Ideal for pagers and 
other battery operated systems where low power consumption is critical. 
SURFACE MOUNTED 


@ Low Power Consumption Characterized for it = 0.1 to i mA . - 
@ High Current-Gain-Bandwidth Product — f— = 5 GHz (Typ) @ Ic = 1 mAdc HIGH FREQUENCY 
@ Low Noise Figure and High Power Gain @ f = 1 GHz — NF(matched) = 2.5 dB (Typ) TRANSISTOR 
& GNF(matched) = 12.5 dB (Typ) NPN SILICON 
® Guaranteed RF Parameters . | 


Surface Mounted SOT-143 Offers Improved RF Performance 

Lower Package Parasitics 

High Gain 
Available In Both Standard Profile (MRF9331) and Low Profile (MRF9331L) 
Tape and Reel Packaging Options 


CASE 318A-02 
SOT-143 


MAXIMUM RATINGS 


. Rating _ Symbol Value Unit 


Se 
Collector-Base Voltage . . 
| Emitter-Base Voltage — VEBO | 2 Vde | 
a 
Total Device Dissipation @ Tc = 25°C | | i mW 
Derate above 25°C ~ 1 
: Cc 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[_____———~—haracinte «SS ambi | win | We | Me | 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage V(BR)CEO ' Vde 
(Ic = 0.1 mAdc, IB = 0) . 

Collector-Base Breakdown Voltage V(BR)CBO 15 Vde 
(Ic = 0.01 mAdc, IE = 0) 

Emitter-Base Leakage Current | lEBO mAdc 
(VEB = 2 Vdc, Ic = 0) a 

Collector Cutoff Current ICBO nAdc 
(VcB = 5 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 30 
(Ic = 0.5 mAdc, VcE = 1 Vdc) 


(continued) 


MOTOROLA RF DEVICE DATA 


3-944 


MRF9331, MRF9331L 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) es _ 
TCCharacarite «Sybase | Max | Unit | 
DYNAMIC CHARACTERISTICS ; . 


Current-Gain-Bandwidth Product Figure 2 
(Ic = 1 mAdc, Vce = 1 Vde, f = 1 GHz) 


Collector-Base Capacitance Figure 1 
(Vcp = 1 Vdc, IE = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure Figure 5, 3 


(VCE = 1 Vdc, ic = 0.5 mA, f = 1 GHz) 


Noise Figure Figure 5, 3 


(VcE = 1 Vdc, Ic = 0.5 mA, f = 1 GHz) 


Cob, COLLECTOR-BASE 
CAPACITANCE (pF) 


Fz, GAIN-BANDWIDTH PRODUCT (GHz) 


0 02 04 O06 08 1 12°14 #16 18 2 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) | Ic, COLLECTOR CURRENT (mA) 
Figure 1. Collector-Base Capacitance _ Figure 2. Current Gain-Bandwidth Product 
versus Collector-Base Voltage ' versus Collector Current 
| Vee = 1Vde . — *MICROLAB HW-XXN 
VBE | (XX IS SELECTED 


PER FREQUENCY RANGE 
OF INTEREST) 


RF OUTPUT 


**SLUG TUNER  *BIAS 


TEE 


RF INPUT 


*BIAS 


**SLUG TUNER 
TEE oo 


ae _ **MICROLABIEXR 
7  SE31N 


Figure 3. Functional Circuit Schematic 


MOTOROLA RF DEVICE DATA 


MRF9331, MRF9331L 


CIRCUIT USED. <= 


a i 3 
SEE FIGURE 3 
| 
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NF, NOISE FIGURE (dB) 


” £ FREQUENCY (GHz) 


Figure 4. Gain and Noise Figure Figure 5. Gain and Noise Figure 
| versus Frequency versus Collector Current 


OUTLINE DIMENSIONS 


MILLIMETERS INCHES 


a DIM | MIN | MAX | MIN | MAX 
ISo1/2 A | 280 | 3.04 | 0.110 | 0.120 

GUmax = B 1.20 | 139 | 0.047 | 0.055 

40 (1—]844]21(1 —|Spal2) c | 0s | 114 | 0.033 | 0.005 
D | 038 | 045 | 0.015 | 0.018 

F { 085 | 015 | 0.003 | 0.006 


__ 178 2.03 0.070 | 0.080 
0.51 0.60 0.020. | 0.024 
9.10 0.25 0.004 | 0.010 
214 2.48 0.083 | 0.098 

. 0.018 | 0.024 

071 0.83 0.028 | 0.033 

0.78 0.88 0.031 0.035 


0.013 | 0.102 | 0.0005 ; 0.0040 


RS pS [rT 
o 
_ 
a 
i 
for) 
oa 


GUmax, MAXIMUM UNILATERAL GAIN (dB) 


* Low Profile = Case 318A-02 


NOTES: 


| STYLE 1: 
1 PIN 1. COLLECTOR CASE 318B-01 
2, EMITTER 4 
} ry 3. EMITTER SOT-143 


COMMON EMITTER S-PARAMETERS 


or 0602 030«(05tCST 2 
f, FREQUENCY (GHe| 


Figure 6. Maximum Unilateral Gain 
versus Frequency 


VCE Ic 
(Vde) (mA) 


MOTOROLA RF DEVICE DATA 


2.QAR 


MRF9331, MRF9331L 


COMMON EMITTER S-PARAMETERS (Continued) — 


MOTOROLA RF DEVICE DATA 


2.QA7 


MOTOROLA 
| SEMICONDUCTOR aa 


TECHNICAL DATA Oo MXR3866_ 


Die Source Same as 2N3866 


PO 


RF TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS | 


a 


Collector Current — Continuous 
Operating and Storage Junction | Ty, Tstg. | —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C CASE 345-01, STYLE 1 


SOT-89 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


: | V(BR)CER V 
(ic = 5.0 mA, Ree = 10 2) 
Collector-Emitter Sustaining Voltage VCEO(sus) 30, V- 
(I¢ = 5.0 mA) 
Coilector-Base Breakdown Voltage . V(BR)CBO 55 BES V 
(I¢ = 0.1 mA) = . 
Emitter-Base Breakdown Voltage . V(BR)EBO 3.5 V 
(IE = 0.1 mA) 
Collector Cutoff Current ; ICEO 20 LA 
(VcE = 28 V) 
Collector Cutoff Current | | ICEX 
(VceE = 55 V, Vee = 1.5 V) 


ON CHARACTERISTICS 


DC Current Gain 

(IC = 0.36 A, VCE = 
(Ic = 0.05 A, VcE = 
Collector-Emitter Saturation Voltage 
- (I¢ = 100 mA, Ig = 20 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, VcE = 15 V, f = 200 MHz) 


Output Capacitance 
(Vcp = 30.V, f = 1.0 MHz) . 


MOTOROLA RF DEVICE DATA 


3-948 


MOTOROLA 


m@ SEMICONDUCTOR | os oo 
TECHNICAL DATA | MXR5160 


Die Source Same as 2N5160 


RF TRANSISTOR 
PNP SILICON 


MAXIMUM RATINGS 


| unit | 
ee ee 
a a 
a a 
[cates Crrent—Continaous | ig [oa a 
| Operating and Storage Junction | Te Tag | -88t0 4160) 
Temperature Range _ 
*Total Device Dissipation, Ta = 25°C rE 
Derate above 25°C 8. 0 
[thermal Resistence Junavon to Ambient | Raia [we [ew 


RaJA 
*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


THERMAL CHARACTERISTICS 


CASE 345-01, STYLE 1 
SOT-89 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symba 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage OS . VCEO(sus) 
(ic = 5.0 mA) | 


Emitter-Base Breakdown Voltage ~ ViBRIEBO 
(I—E = 0.1 mA). 
Collector Cutoff Current ICBO 
(VcB = = 28 V) 
Collector Cutoff Current ICES 
(VcE = 60 V) 


Emitter Cutoff Current | ICEO 
(VCE = 28 V) 


ON CHARACTERISTICS 


DC Current Gain . hFE 10 
(Ic = 50 mA, VcgE = 5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(ic = 50 mA, Vcg = 15 V, f = 200 MHz) 


MOTOROLA RF DEVICE DATA 


9Y NAN 


MOTOROLA 
eo SEMICONDUCTOR Re een Se nee se : a 
TECHNICAL DATA MXR5583 


Die Source Same as 2N5583 


HIGH FREQUENCY 
RF TRANSISTOR 


PNP SILICON 
MAXIMUM RATINGS 


[aectorEmiter Vottage ‘| veeo | 90 |v 

[coletorBase Voitege ——~dtvcgo | | 
[miter Bese Volage + veso | 30 |v 
oo ae SD Oe 


Operating and Storage Junction TJ, Tstg | —55 to +150 
Temperature a 


THERMAL CHARACTERISTICS 


CASE 345-01, STYLE 1 
SOT-89 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient ReJA 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS | | : 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = 10 mA) | 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 4A) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 100 uA) 


Collector Cutoff Current ba 


(VCB = 20 V) 
Emitter Cutoff Current 
(VEB = = 2.0 V) 
ON CHARACTERISTICS 
DC Current Gain (1) 
= 40 mA, VcE = 2.0 V) 
= 100 mA, VcE = 2.0 V) 
= 300 mA, VcgE = 5.0 V) 


Collector-Emitter Saturation Voltage (1) VCE(sat) 
(ic = 100 mA, Ig = 10 mA) | i 

Base-Emitter On Voltage (1) VBE(on) 
(I¢ = 100 mA, VcE = 2.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 40 mA, VceE = 10 V, f = 100 MHz) 
(Ic = 100 mA, VcE = 10 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA RF DEVICE DATA 


3-950 


MOTOROLA 


= SEMICONDUCTOR EEE — 
TECHNICAL DATA | MXR5943 


Die Source Same as 2N5943 


RF TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 
[Golectormiter Vottege ———~S~dC co | 80 
[ColetorBase Voltage —SS*SCVpg | a 
TemiterBase Voltage ——~S~dSC ew | 8 
[colestor Curent — Continuous ——~+t ic ~| 00 


Operating and Storage Junction TJ, Tstg | —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = nC Watt 
Derate above 25°C mWw/°C 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbot_| Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 30 
(I¢ = 5.0 mA) . 


CASE 345-01, STYLE 1 
SOT-89 


Collector-Base Breakdown Voltage V(BR)CBO Vv 
(I¢ = 100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pA) . 

Collector Cutoff Current 
(Vce = 20 V) ; 

Collector Cutoff Current 
(Vcp = 15 V) 

ON CHARACTERISTICS | 

DC Current Gain 
(I¢ = 50 mA, VcE = 15 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(l¢ = 100 mA, IB = 10 mA) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 100 mA, IB = 10 mA) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 25 mA, VceE = 15 V, f = 200 MHz) 
(Ic = 50 mA, VCE 15 V, f = 200 MHz) 
(Ic = 100 mA, VcE = 15 V, f = 200 MHz) 


MOTOROLA RF DEVICE DATA 


R-OF71 


MOTOROLA RF DEVICE DATA 


3-952 


a _ Amplifiers | 


MOTOROLA > 7 oe 
= SEMICONDUCPOR ayy 
TECHNICAL DATA a 


- MHW590— 


‘The RE Line 


. 10 —400 MHz 
LOW DISTORTION WIDEBAND AMPLIFIER MODULE - | HIGH GAIN AMPLIFIER 
...4ow-noise, high-gain, ultra-linear, thin-film hybrid. Designed: ° 


for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


@® Supply Voltage = 24 V Nominal 


® Broadband Power Gain — 
Gp = 34 dB (Typ) @ f = 10-400 MHz 


Broadband Noise Figure — 
NF = 3.5 dB (Typ) @ f = 300 MHz 


Ideal for Low Level Wideband Linear Amplifiers. and AM 
Modulators in VHF/UHF Communications Equipment and. . 
RF Instrumentation Applications 


RF IN 
MAXIMUM RATINGS | | | | GROUND 
. DELETED 
5. VDC 
, DELETED 
. GROUND 
. GROUND 
. RF OUT 


Lo tet Sata 
Bata Garay 


| Value | 
Operating Case Temperature Range -20 to +90 


dc 
°C 
Storage Temperature Range . -40 to +100 


ELECTRICAL CHARACTERISTICS (Vpc = 24 Vdc, Zo = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘‘Frequency Range’’, unless specified 
otherwise.) : 


Frequency Range BW 


Gain Flatness . 
Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 
1 dB Compression 
(f = 10 MHz) 
(f = 200 MHz) 
(f = 400 MHz) 


Reverse Isolation 


1. MOUNTING HOLES WITHIN 0.25 mm {0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


MILLIMETERS | INCHES 


_|-Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


4-2 


‘MHW590 


FIGURE 1 — POWER GAIN AND RETURN 


LOSS versus FREQUENCY | FIGURE 2 — POWER GAIN versus FREQUENCY 
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MOTOROLA RF DEVICE DATA 


MHW590 


FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 


ORDER versus OUTPUT POWER 


ORDER versus OUTPUT POWER 
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Pout OUTPUT POWER (mW—PEP) 


Pout, OUTPUT POWER ee 


FIGURE 9 — INTERMODULATION DISTORTION — THIRD 


FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 


ORDER versus OUTPUT POWER 


ORDER versus OUTPUT POWER 
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Pout, OUTPUT POWER (mW 


Pout, OUTPUT POWER (mW—PEP) 


FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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Vpc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


4-4 


MOTOROLA 


The RF Line 


1.0250 MHz 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 
HIGH GAIN AMPLIFIER 


... low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


Supply Voltage = 13.6 V Nominal 


Broadband Power Gain — 
Gp = 36.5 dB (Typ) @ f = 1-250 MHz 


Broadband Noise Figure — 
NF = 3.7 dB (Typ) @ f = 30 MHz 


Ideal for Low Level. Wideband Linear Amplifiers and AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications | 


SYTLE 1: 

PIN 1. RF IN 
. GROUND 
. GROUND 
. DELETED 
voc 
. DELETED 
. GROUND 
. GROUND 
. RF OUT 


YY y 
es, 


MAXIMUM RATINGS 


OOn DNF WH 


Operating Case Temperature Range 


Storage Temperature Range 


be 
i 


6-32 UNC 2B 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zp = 50 2, Tc = 28°C. All 
characteristics guaranteed over bandwidth listed under ‘‘Frequency Range’’, unless specified 
otherwise.) 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


Gain Flatness MILLIMETERS INCHES 
| Voltage Standing Wave Ratio, In/Out DIM | MIN {max MIN. | MAX 


(f = 1.0-30 MHz) | 5: [A cee ae 
(f = 30-250 MHz) 


B 26.42 | 26.92 1.040 1.060 


c | 2057 | 21.34 | 0810 | 0.840 
1 dB Compression [0 | 046 | 056 | 0018 | 0022 
(f = 30 MHz) _E 11.81 12.95 0.465 0.510 
avi F | 762 a5 | 0.300 | 0.328 
ie JOR Miz) G | 241 | 267 | 0.095 | 0.108 
(f = 250 MHz) H | 965 | 9.78 | 0380 | 0.385 | 
Peak Envelope Power J 3.96 BSC 0.156 BSC 
K | 800 | 850 | 0315 | 0.33 
UMD ai =30 G8 ;5= SU NIMs) L 25.40 BSC 1,000 BSC 
(IMD3 = -30 GB, f =,100 MHz) N 4.06 4.32 0.160 0.170 J 
(IMD3 = -30 dB, f = 250 MHz) P 2.16 | 292 | 0.085 | 0.115 
os a : 376 | 427 | 0.148 _| oe 
Noise Figure rR = i511 |. — | 0595 
(f = 30 MH2) 5 38.10 BSC 1.500 BSC 
(f = 100 MHz) T | 11.05 | 11.43 aah | 046 
(f = 250 MHz) U 4.95 5.21 0.195 0.205 
CASE 714-03 


MOTOROLA RF DEVICE DATA 


AB 


MMWod I 


FIGURE 1 — POWER GAIN versus FREQUENCY . FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — cOO Ey POWER versus INPUTPOWER. FIGURE 6 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 
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" MOTOROLA RF DEVICE DATA. 


4-6 


MHW591 


FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER 


FIGURE 7 — INTERMODULATION 
DISTORTION versus OUTPUT POWER 


Two-Tone Test 
30, 30.001 MHz 


Two-Tone Test 
30, 30.001 MHz 


(8P) NOILYOLSIG NOLLVINCOWHALNE ‘CWI 


Pout, OUTPUT POWER (mW-—PEP) 


Pout, OUTPUT POWER (mW—PEP) 


FIGURE 3 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 
SEMICONDUCTOR SEED 


1.0 —250 MHz 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE HIGH GAIN AMPLIFIER 


. low-noise, high-gain, ultra-linear, thin-film hybrid: Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


- Supply Voltage = 24 V Nominal 


Broadband Power Gain — 
Gp = 35 dB (Typ) @ f = 1-250 MHz 


Broadband Noise Figure — 
NF = 3.6 dB (Typ) @ f = 30 MHz 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in Mabe VE Communications EQUIP Men: 


PIN 1. REIN 


2. GROUND 

MAXIMUM RATINGS ; SET 

Rating Value : er 

ieee ee Son 
rae 


Operating Case Temperature Range . al -20 to +90 
Storage Temperature Range -40 to +100 
ELECTRICAL CHARACTERISTICS (Vpc = 24 Vdc, Zo = 50 2, Tc = 25°C. All 


characteristics guaranteed over bandwidth listed under ‘Frequency Range’’, unless specified 
otherwise.) 


reaomey Rone 
FowerGin—SSSSSCS~S~dCi 
[Gain Flames ——SSC~—~“‘~“~*~‘“‘~*~‘idCSCSSC*d 


Voltage Standing Wave Ratio, In/Out 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010).DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


MILLIMETERS INCHES 
DIM | MIN | MAX | MIN | MAX 
A 145.08 1115 
B 26a | 26.92 | 1.040 | 1.060 
c | 2057 | 21.34 [asi [0.840 
[0 106 056 | 0018 | 0.022 
E | 1181 | 1295 | 0465 | 0510 
F 

G 

H 


(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 
Peak Envelope Power 
(IMD3 = -30 dB, f = 30 MHz) 
(IMD3 = -30 dB, f = 100 MHz) 
(IMD3 = ~30 dB, f = 250 MHz) 


7.62 | 8.25 | 0300 | 0.325 
241 | 2.67 | 0.095 oe 


9,65 978 | 0.380 | 0.385 


J 3.96 BSC 0.156 BSC 


a 8.00 | 8.50 | 0.315 | 0.335 
L 25.40 BSC 1,000 BSC 

N 

P 

a 

R 

S 

T 

U 


4.06 432_| 0.160 | 0.170 
‘i 2.16 2.92 | 0.085 | 0.115 
3.76 4.27 | 0.148 | 0.168 


4,95 
CASE 714-03 


Noise Figure 
15.11 — | 0.595 
(f = 30 MHz) “38.10 BSC 1,500 BSC a 
(f = 100 MHz) 11.05 | 11.43 | 0.435 | 0.450 


(f = 250 MHz) 5.21 | 0.195 | 0.205 


DC Voltage 


MOTOROLA RF DEVICE DATA 


4-8 


MHW592 


FIGURE 1 — POWER GAIN versus FREQUENCY FIGURE 2 — POWER GAIN versus FREQUENCY 
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NF, NOISE FIGURE (dB) 


Gp, POWER GAIN (dB) 
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FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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MOTOROLA RF DEVICE DATA 
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MHW592 


FIGURE 8 — INTERMODULATION 
DISTORTION versus CUTPUT POWER 


INTERMODULATION 


DISTORTION versus OUTPUT POWER 


24V 


FIGURE 7 — 
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FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 


(apyw) WIV LNAYHND ‘IO, 


Voc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA  —sC. 
SEMICONDUC 
TECHNICAL DATA 


| ‘The RF Line | - 


: a 10—400 MHz 
LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


HIGH GAIN AMPLIFIER 


.low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


@ Supply Voltage = 13.6 V Nominal 


@ Broadband Power Gain — | 
Gp = 34.5 dB (Typ) @ f = 10-400 MHz 


Broadband Noise Figure — 
NF = 4.0 dB (Typ) @ f = 300 MHz 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in VHF/UHF Communications Equipment and 
RF Instrumentation Applications 


SYTLE 1: 

PIN 1. RF IN 
. GROUND 
. GROUND 
. DELETED 
VDC 
. DELETED 
. GROUND 
. GROUND 
. RF OUT 


MAXIMUM RATINGS 


ee ete 


Operating Case Temperature Range -20 to +90 


ELECTRICAL CHARACTERISTICS (Voc = 13.6 Vdc, Zy = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘Frequency Range’’, unless specified 
otherwise.) 


Symbol 
eeaUeney Range 


| min | 7 

Taw | 10 

aes ae Be 

| Gain Flatness a ae 

Pits 

| Reverse Isolation | Pri | 
IT 


Storage Temperature Range 


oe 
| COOnNHIAO Pwr 


1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


| Voltage Standing Wave Ratio, In/Out 
|  (f = 10-300 MHz) 
(f = 300-400 MHz) 
| 1 dB Compression 
(f = 10 MHz) 
(f = 200 MHz) 
(f = 400 MHz) 


MILLIMETERS INCHES 

MIN’ | MAX | MIN | MAX 
45.08 | — | 1.775 
B [26.42 | 26.92 | 1.040 | 1.060 
C [ase 57 |: 21.34 | 0810 | 0.840 
98 [ 056 | 0.018 | 0.022 
i131 | 1295 | 0465 | 0510 | 
7.62 | 825 | 0300 | 0.325 


2.41 267 | 0.095 - 


965 | 978 | 0.380 | 0.385 
3.96 BSC 0.156 BSC 
8.00 | 850 | 0315 | 0.335 
25.40 BSC 1,000 BSC 
406 | 432 | 0.160 | 0.170 
216 | 292 | 0085 | 0.115 
3.76 | 427 | 0.148 BL ue | 
— | 1611 0.595 
38.10 BSC 1.500 BSC 


11.05 _ 0.435 | 0.450 
495 | 521 | 0.195 | 0.205 


CASE 714-03 


ae 
200 

| 2nd Harmonic 

Third Order Intercept | 


Peak Envelope Power for -32 dB 
Distortion 


Noise Figure 
Gece 
— 


(f = 60 MHz) 
(f = 300 MHz) 


Ex Voltage 


Cla |(M|wlO wi KC IT Om imia 


MOTOROLA RF DEVICE DATA 


MHW593 


Gp, POWER GAIN (dB) Gp, POWER GAIN (dB) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 1 — POWER GAIN AND RETURN 
LOSS versus FREQUENCY 


50 
aT 


GRL 


| | | | ri Power Gain 


a TT 
3U f 


CCACTIN CTT 


7 


| Voc = 13.6 V 
Zo 2 50.2 [ 
Tc= +250C 


10F 


|| 


Ll] 
1.0 


cect ; 
tull TE EEE EE EL 
100 


f, Ssaiiciie ‘i 


FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
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| FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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MOTOROLA RF DEVICE DATA 
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MHW593 


' FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 


ORDER versus OUTPUT POWER 


ORDER versus OUTPUT POWER 
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FIGURE 10 — INTERMODULATION DISTORTION - Aeee 


FIGURE 9 — INTERMODULATION DISTORTION — THIRD 


ORDER versus OUTPUT POWER 
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FIGURE 11 —- DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA RF DEVICE DATA 


A-12 


MOTOROLA _ ee 
1 SEMICONDUCTOR saan 
TECHNICAL DATA 


MHW709-1 
MHW709-2 
MHW709-3 


7.5 W — 400-512 MHz 


RF POWER 
AMPLIFIER MODULE 


Ses: pe 
512 MHz. 


@ Specified 12.5 Volt, UHF Characteristics — 


Output Power = 7.5 Watts 
Minimum Gain = 18.8 dB 
Harmonics = 40 dB 


@ 500 Input/Output impedance 
@ Guaranteed Stability and Ruggedness 
@ Gain Control Pin for Manual or Automatic Output Level Control 


® Thin-Film Hybrid Construction Gives Consistent Performance 
and ie paceue 


it: at 
MAXIMUM RATINGS (Flange Temperature = 25°C) 


SEATING PLANE 
NOTE: . PIN 1, RE OUTPUT 
z x 0.13 mm (0.005) OIA OF TRUE 3. D.C. TERMINAL 
RF Output Power(@ Vg = Vgc = 12.5 V) POSITION AT SEATING PLANE 4. GROUND 
Operating Case Temperature Range -30 to +100 AT MAXIMUM MATERIAL 5. D.C. GAIN 
CONDITION. 6. GROUND 
Storage Temperature Range —40 to +100 7. RE INPUT 


om MILLIMETERS Epa INCHES] 


eee 06 cee 56 a 
|_B [51.82 | 


MOTOROLA RF DEVICE DATA 


4-14 


MHW709-1, MHW709-2, MHW709-3 


ELECTRICAL CHARACTERISTICS (Vg and Vgc set at 12.5 Vde, Ta = 25°C, 50 0 system unless otherwise noted) 
| Characteristic 


MHW709-1 
MHW709-2 
MHW7098-3 


Frequency Range 


Input Power (Poyt = 7.5 W) 


Efficiency (Poyt = 7.5 W) a 
Harmonics (Pout = 7.5 W, Reference) 


Input Impedance (Poyt = 7.5 W, 50 © Reference) 


Power Degradation (Poyt = 7-5 W, Tc = 25°C, Reference) 
(Tc = 0°C to 60°C) , | 7 
(Tc = —30°C to 80°C) 
Load Mismatch . , 
(VSWR = 0, Vs = Vsc = 15.5 Vdc, Pout = 10 
Stability . 
1. (Pin = 30 to 150 mW, Load Mismatch = 2:1, 50 O Reference, 
Vs = Vsc = 3.0 to 15.5 Vde) 
2. (Vg = 12.5 Vdc, Vgc adjusted for Poyt = 5.0 to 10 W, Pin = 100 mW, 
Load Mismatch = 4:1, 50 © Reference, note Vs-<Vs) 


Standby Current (Pin = 0) 


w) 


All spurious outputs 
~more than 70 dB ~ 
below desired signal 


| lsc) | — | to | ma | 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MHW709 BLOCK DIAGRAM 


Vs : 
MICROLAB/ FXR AD 10N — 21, Z2 50 2 Microstripline C2, C3 0.1 uF Ceramic 


) Signal od L1, L2 Ferroxcube VK200-20/4B C7 47 pF Tantalum, 25 V ~ 
Generator - ee 2 C1, C4, C5, C6 1.0 wF Tantalum 25 V 


NOTE: No Internal D.C. blocking on input pin. 


MOTOROLA RF DEVICE DATA 


A_4B& 


MHW709-1, MHW709-2, MHW709-3 


TYPICAL PERFORMANCE CURVES 
. (MHW709-2) 


FIGURE 2s INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus GAIN 


FIGURE 4 — OUTPUT POWER versus VOLTAGE CONTROL VOLTAGE 


Pin = 100 mW 
Vs = 12.5 V 


440 to 470 MHz 
Pin set for 7.5 W 
Pout at 12.5 V 
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0.25 | 
Pin = 100 mW 


0.20 


Isc, GAIN CURRENT CONTROL (AMP) 


Vsc, GAIN CONTROL VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MHW709-1, MHW709-2, MHW709-3 


APPLICATIONS INFORMATION 


Nominal Operation _ 

- All electrical specifications are based on the nominal 
conditions of Vgc (Pin 5) and Vg (Pin 3) equal to 12.5 
Vde and with output power equaling 7.5 watts. With 
these conditions, maximum current density on any de- 
vice is 1.5 x 10° A/cem2 and maximum die temperature 


with 100° base plate temperature is 165°. While the mod- © 


ules are designed to have excess gain margin with rug- 
_ gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 

The intent of these gain control methods is to set the 
nominal Poyt. Do not use them for wide range gain 
control. 

In general, the module output power should be lim- 
ited to 10 watts. The preferred method of power output 

control is to fix both Vgc and Vg at 12.5 Vde and vary 
the input RF drive level at Pin 7. The next method is to 
control Vcc through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with 
_ series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 

Due to the high gain of the three stages and the mod- 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 uF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs — 
at certain operating frequencies and certain phase an- . 
gles of put and euler VSWR igs than 3:1. 


Load Pull . | 
During final test, each module.is “load puil” tested in 


-a fixture having the identical decoupling network de- 


scribed in Figure 1. Electrical conditions are Vg and Vc 
equal 15.5 V output, VSWR infinite, output power equal 
to 10 watts. - 


Mounting Considerations | 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4—6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 8 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
for 4-40 Screw 


Input Line 


Width = 0.085"; pi, 7 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031” — 
€r — 2.56 


Output Line 
Width, = 0.085” 


NOTE: 
Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 


MOTOROLA _ | 
SEMICONDUCTOR OQ MHW710-1 


TECHNICAL DATA 
MHW710-2 
MHW710-3 


13W 400-512 MHz 


RF POWER 
- AMPLIFIER MODULE 


... designed for 12,5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 400 
to 512 MHz. “ 
@ Specified 12.5 Volt, UHF Characteristics — 
Output Power = 13 Watts 
Minimum Gain = 19.4 dB 
Harmonics = 40 dB : 
50 22 Input/Output Impedance | 
Guaranteed Stability and Ruggedness . 
Gain Control Pin for Manual or Automatic Output Level Control 


| Thin Film Hybrid Construction Gives Consistent Performance 
and Reliability _ © | 


L 


MAXIMUM RATINGS (Flange Temperature = 25°C) — 


| DC Supply Voltages Vde 
| RF Input Power hPa | 


It 
| ee 


—_——| 


RF Output Power (@ Vs = Vgc = 12.5 V) 15 


A 
ELECTRICAL CHARACTERISTICS 1 i ae y 
(Vg and Vgc set at 12.5 Vde, Ta = 25°C, 50 2 system unless otherwise noted) ae er ee ee c 
Characteristic : . tJ 
—__— SEATING PLANE : 
Frequency Range MHW710-1 
MHW710-2 STYLE 1: 
. MHW710-3 OTE: . PIN 1. RF OUTPUT 
— 1, MOUNTING HOLES WITHIN ~ 2.GROUND 
Input Power (Poyt =. 13 W) 0.13 mm (0.005) DIA OF TRUE  3..0.C. TERMINAL 
POSITION AT SEATING PLANE 4. GROUND 
a. : CONDITION. 6. GROUND 
Efficiency (Pout = 13 W) 7. RE INPUT 

Harmonics (Poyt = 13 W, Reference | MILLIMETERS] INCHES —] 

: out Min [MAX [amin | MAX 

| A {67.06 [67.56 | 2.640 | 2.860_| 


Input Impedance (Pout = 13 W, 50 0 Reference) 


Power Degradation (Poyt = 13 W, Tc = 25°C, 
Reference) 
(Tc = 0°C.to 60°C) 
(Tc = —30°C to 80°C) 


Load Mismatch 
(VSWR = », Vg = 15.5 Vdc, Poyt = 16.5 W) 


Stability All spurious outputs 
1. (Pin = 50 to 200 mW, Load Mismatch = 4:1, more than 70 dB 

50 © reference, Vs = Vgc = 8.0 to 15.5 Vdc) below desired signal 
2. (Vs = 12.5 Vde, Vsc adjusted for Pout = 5.0 

to 15 W, Pjn = 150 mW, Load Mismatch 

= 4:1, 50 0 reference, note Vso < Vs) 


51,82 [52.96 | 2.040 | 2.085 


CASE 708-03 


MOTOROLA RF DEVICE DATA 


A_42 


MHW710-1, MHW710-2, MHW710-3 


APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the nominal 
conditions Of Vsc (Pin 5) and Vg (Pin 3) equal to 12.5 


Vdc and with output power equaling 13 watts. With 


these conditions, maximum current density on any de- 
vice is 1.5 X 105 A/cm2 and maximum die temperature 
with 100° base plate temperature is 165°. While the mod- 
ules are designed to have excess gain margin with rug- 
gedness, operation of these units outside the limits of 
‘published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the Teelony representative. . 


Gain Control - 

The intent of these gain control methoas is to set the 
nominal Poyt. Do not use them for wide range gain 
control. 

in general, the module output power shou be lim- 
ited to 10 watts. The preferred method of power output 
control is to fix both Vgc and Vg at 12.5 Vde and vary 
the input RF drive level at Pin 7. The next method is to 
control Vgc through a stiff voltage source. 

A third method of power output control is to control 
Vgc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 
Due to the high gain of the three sages and the mod- 


ule size limitation, external decoupling network requires 


careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 yF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- 
gles of input and output VSWR less than 3:1. 


Load Pull 

During final test, each module is ‘‘load pull” tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vg and Vec 
equal 15.5 V output, VSWR infinite, output power equal 
to 16.5 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. © 
For more information on module mounting, see EB-107. 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MICROLAB/ FXR AD 10N 


Signal 
Generator 


NOTE: No Internal'D.C. blocking on input pin. 


Z1, Z2 50 © Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 wF Tantalum 25 V 


MHW710 BLOCK DIAGRAM 


MHW710 Text Fixture Schematic. 


C2, C3 0.1 «F Ceramic - 
- C7 47 pF Tantalum, 25 V 


MOTOROLA RF DEVICE DATA 


A-19 


MHW710-1, MHW710-2, MHW710-3 


TYPICAL PERFORMANCE CURVES 


(MHW 710-2) 
FIGURE 2 ~ INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY FIGURE 3 ~ OUTPUT POWER versus INPUT POWER 
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| | FIGURE 5 — OUTPUT POWER versus GAIN 
FIGURE 4 — OUTPUT POWER versus VOLTAGE. Ss CONTROL VOLTAGE 
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V, VOLTAGE (Vs = Voc) - Vsc, GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 6 — GAIN CONTROL CURRENT versus VOLTAGE ~ 
0.25 — + 
Pin =. 150 mW 
Vs= 12.5 V 


0.20 
0.15 


0.10 


Isc, GAIN CONTROL CURRENT (AMP) 


Vsc, GAIN CONTROL VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


4-20 


MHW710-1, MHW710-2, MHW710-3 


Input Line 
Width = 0.085” ; pj, 7 


FIGURE 7 — TEST CIRCUIT 


Body Clearance 


FIGURE 8 — UHF POWER MODULE TEST FIXTURE 


for 4-40 Screw 


Pin 5 


A FA 


PRINTED CIRCUIT BOARD 


NOTE: The Printed Circuit Board shown is 75% of the original. 


MOTOROLA RF DEVICE DATA 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line 
Width = 0.085” 


NOTE: 
Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA 
NICAL DATA 


RF POWER 
AMPLIFIER MODULES 


= mre | 
eS Fame 20 W 400-470 MHz 
| 


... designed for 12.5 volt UHF power amplifier applications in _ 
industrial and commercial FM equipment operating from 400 to | 
470 MHz. . 


® Specified 12.5 Volt, VHF Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 21 dB 
Harmonics = 40 dB 
50 (2 Input/Output Impedance 
Guaranteed Stability and Ruggedness 


Gain Control Pin for Manual or Automatic Output 

~ Level Control . 
@ Thin Film Hybrid Construction Gives Consistent 
Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) Sie os 
| RFinputPower | in “(| S50 mW 
| RF Output Power (@Vs=Vsc=125V) | Pout | S25 | SWC 


ELECTRICAL CHARACTERISTICS 
(Vs and Vg set at 12.5 Vde, Ta = 25°C, 50 1 system unless otherwise noted) 


al MILLIMETERS] INCHES | 
| MIN [MAX | MIN | MAX | 


Characteristic _ 


NOTE: 
1. MOUNTING HOLES WITHIN 
0.13 mm (0.005) DIA OF TRUE 
POSITION AT SEATING PLANE 

AT MAXIMUM MATERIAL 
CONDITION. 


Power Degradation (Poy, = 20 W, Tc = 25°C, 
Reference) 

(Tc = 0°C to 60°C) 
(Te = —30°C to 80°C) 


STYLE 1: 
PIN 1. RF QUTPUT 
2. GROUND 
3. D.C. TERMINAL 
4.GROUND 
5.0.0. GAIN 
6. GROUND 
7. RE ANPUT 


All spurious outputs 
more than 70 dB 
below desired signal 


Stability 

1. (Pjp = 50 to 200 mW, Load Mismatch = 2:1, 
50 0 reference, Vs = Vgc = 8.0 to 15.5 Vdc) 

2. (Vg = 12.5 Vdc, Veg adjusted for Poyt = 5.0 
to 20 W, Pin = 150 mW, Load Mismatch 

= 2:1, 50 0 reference, note Vs. < Vs) 


CASE 700-03 


MOTOROLA RF DEVICE DATA 


A_99 


MHW720-1, MHW720-2 


APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the nominal 
conditions of Vg- (Pin 5) and Vg (Pin 3) equal to 12.5 
Vdc and with output power equaling 20 watts. With 
these conditions, maximum current density on any de- 
vice is 1.5 x 109 A/em2 and maximum die temperature 
with 100° base plate temperature is 165°. While the mod- 
ules are designed to have excess gain margin with rug- 


gedness, operation of these units outside the limits of - 


published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 

The intent of these gain control methods is to set the 
nominal Poyt. Do not use them for wide range gain 
control. 

ln general, the module output power should be lim- 
ited to 20 watts. The preferred method of power output 
control is to fix both Vg, and Vg at 12.5 Vdc and vary 
the input RF drive level at Pin 7. The next method is to 
control Vgc through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with 


series resistance. This mode of control creates a region ~ 


of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


| Decoupling 


Due to the high gain of the three stages and the mod- 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 pF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- 
gles of input and output VSWR less than 3:1. 


Load Pull | 

During final test, each module is “load pull’ tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vs and Vec 
equal 15.5 V output, VSWR infinite, output power equal 
to 30 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6—32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4—6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MICROLAB/ FXR AD 10N 


Signal 
Generator 


NOTE: No Internal D.C. blocking on input pin. 


Z1, Z2 50 © Microstripline 
- L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 uF Tantalum 25 V 


MHW720 BLOCK DIAGRAM 


;MHW720 Text Fixture Schematic 


C2, C3 0.1 wF Ceramic 
C7 47 uF Tantalum, 25 V 


MOTOROLA RF DEVICE DATA 


A 


rm 


MHW720-1, MHW720-2 


INPUT POWER (mW) 


ine 
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Put, OUTPUT POWER (WATTS) 


TYPICAL PERFORMANCE CURVES 


(MHW720-2) 
FIGURE 2 — INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus VOLTAGE 


{| Pin set for Pout = 20 W 
— @ Vg = Vp = 12.5 V 


8.0 8©6 9.0 
Vs = Voge VOLTAGE (VOLTS) . 


5:1 


INPUT VSWR 


1.0:1 


Pout, QUTPUT POWER (WATTS) 


Pout» OUTPUT POWER (WATTS) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


P;,, INPUT POWER (mW) 


FIGURE 5 — OUTPUT POWER versus GAIN 
CONTROL VOLTAGE 


V,=12.5V 
Pin set for Pout = 20W 
@ Vop = 12.5 V 
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Vee, CONTROL VOLTAGE (VOLTS) 


FIGURE 6 — GAIN CONTROL CURRENT versus VOLTAGE 
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MOTOROLA RF DEVICE DATA 


4-24 


MHW720-1, MHW720-2 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


NOTE: The Printed Circuit Board shown is 75% of the original. 
Body Clearance i. - 


for 4-40 Screw 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line 
Width = 0.085" 


my 6NOTE: 
input eine Mount board and module on 1/2” thick aluminum block for 
Ra xe heat sinking and electrical ground. Pins 2, 4 and 6 are not 
Width = 0.085" pin 7 Pin 5 directly connected to ground in this test fixture. Ground is - 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 


4-25 


MOTOROLA 


mi SEMICONDUCTOR m 
TECHNICAL DATA 


MHW720A1 


MHW720A2 


20 W 400-470 MHz 


The RF Line _ ce 
ener pee AMPLIFIER MODULES 
WHF POWER AMPLIFIER MODULES i aestit«é 


| eae i | 


... Capable of wide power range control as encountered in UHF 
cellular telephone applications. 7 | 


@ MHW720A1 400-440 MHz 
® MHW720A2 440-470 MHz 


®@ Specified 12.5 Volt, UHF Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 21 dB 
Harmonics = — 40 dB (Max) 


50 0 Input/Output Impedance 
Guaranteed Stability and Ruggedness 


Thin Film Hybrid Construction Gives Consistent 
Performance and Reliability 


IT 
i 


MAXIMUM RATINGS (Flange Temperature = 25°C) — ) 


[unit | 


LRF Output Power (@Vei = Vs2=125V) | Pour | —28| WC 
Operating Case Temperature Range —30 to +100 
Storage Temperature Range _ | —40 to +100 


ELECTRICAL CHARACTERISTICS 
(Vg1 and Vg9 set at 12.5 Vdc, Tc = 25°C, 50 0 system unless otherwise noted) 


SEATING PLANE 


w 
< 
i 
o 
o 
= 


Characteristic 


| Frequency Range MHW720A1 
; MHW720A2 


input Power (Pout = 20 W) 

Power Gain (Pout = 20 W) 

Efficiency (Poyt = 20 W) 

Harmonics (Pout = 20 W, Reference) 


_Input Impedance (Pout = 20 W, 50 © Reference) 


| Gain Degradation (2) (Poyt = 20 W, Reference 
Gain @ Tc = + 25°C) Tc = -30°C 
Tc = + 80°C 


pa 
2 
oo 
RD 
SB 
a8 
<4 
LL 
N 


1. MOUNTING HOLES WITHIN 
0.13 mm (0.005) DIA OF TRUE 
_ POSITION AT SEATING PLANE 
.. AT MAXIMUM MATERIAL 
CONDITION. 
STYLE 2: 
~ PIN 1. RF OUTPUT 
2. GROUND 
3. VS2_ 
4, GROUND 
5. VS1 
6. GROUND 
7. RE INPUT 


Load Mismatch 
(VSWR = 0, Vs51 = Vs? = 15.5 Vdc, Pout = 
30 W) 8 


Stability (Pj, = 0 to 250 mW 
to 15.5 Vde) . ee 
1. Load VSWR = 4:1, 50 O Reference 
2. Source VSWR = 2:1, 50 2 Reference 


| Quiescent Current 
(l51 No RF Drive Applied) __ 


(2) See Figure 5, Input Power versus Case Temperature | 


No degradation in Pout 


All spurious outputs 
more than 60 dB 
below desired signal 


1Vs1 = Vs2 = 10 


__ CASE 700-03 


MOTOROLA RF DEVICE DATA 


4-26 


MHW720A1, MHW720A2 


APPLICATIONS INFORMATION 


Nominal Operation | | ; 
Ail electrical specifications are based on the nominal 
conditions of Vg_ (Pin 5) and V2 (Pin 3) equal to 12.5 


Vde and with output power equaling 20 watts. With — 
these conditions, maximum current density on any de-. 
vice is 1.5 x 105 Alcm2 and maximum die temperature | 


with 100° base plate temperature is 165°. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the limits 
of published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control — 

This module is designed for wide range Poy; level 
control. The recommended method of power output 
control, as shown in Figure 3, is to fix Vg1 and Vg2 at 
12.5 Vde and vary the input RF drive level at Pin 7. 

— In all applications, the module output power should 
be limited to 20 watts. | 


Decoupling 
Due to the high gain of the three stages and the mod- 


ule size limitation, the external decoupling network re- . 


quires careful consideration. Both Pins 3 and 5 are in- 


ternally bypassed with a 0.018 uF chip capacitor effective 


_ frequencies below 5 MHz, networks equivalent to that... 
shown in the test fixture schematic are recommended. — “a 
Inadequate decoupling will: result in spurious. outputs. - 


for frequencies from 5 through 470 MHz. For bypassing 


at certain operating frequencies and certain phase an- - 
gles of input and output VSWR less than 4:1. 


; Load Mismatch 


During final test,. each odate:, is load mismatch 
tested in a fixture having the identical decoupling net- 
work described in Figure 1. Electrical conditions are V1 
and Vso equal 15.5 V, load VSWR infinite, and output 


power equal to 30 watts. 


Mounting Considerations 


To insure optimum heat transfer from the fangs to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g.,- 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


L1 | epee 
ToS 
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MICROLAB/ FXR AD 10N 
Signal 
Generator 


NOTE: No Internal D.C. blocking on input pin. 


Z1, Z2 50 2 Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
Ci, C4, C5, C6 1.0 uF Tantalum 25V 


MHW720A BLOCK DIAGRAM 


MHW720A Text Fixture Schematic 


C2, C3 0.1 uF Ceramic — 
C7 47 wF Tantalum, 25 V 


MOTOROLA RF DEVICE DATA 


rene. 


MHW720A1, MHW720A2 


FIGURE 2 — INPUT POWER, EFFICIENCY, AND 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


VSWR versus FREQUENCY 
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FIGURE 5 — INPUT POWER versus CASE TEMPERATURE 


FIGURE 4 — OUTPUT POWER versus VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus 
CASE TEMPERATURE @ 10.8 V SUPPLY 
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MOTOROLA RF DEVICE DATA 
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MHW720A1, MHW720A2 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 Z UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance NOTE: The Printed Circuit Board shown is 75% of the original. 


for 4—40 Screw . 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line 
Width = 0.085” 


NOTE: 
; a Mount board and module on 1/2” thick aluminum block for 
Input Line : : heat sinking and electrical ground. Pins 2, 4 and 6 are not 
Width = 0.085" pin 7 Pin - directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 


A_90 


MOTOROLA > 
i SEMICONDUCTOR me 
TECHNICAL DATA 


wirivweo2-1 


Tne AF Line | MHVWIS02-2 | 
Uhr Power Ampiitier Viodules | | | 


... capable of wide power range control as encountered in portable cellular radio 
applications (20 dB typical). 2.2 W — 825-915 MHz 


® MHW802-1 825-845 MHz 3 | | | RF POWER 
© MHW3802-2 890-915 MHz a AMPLIFIER MODULE 
@ Specified 9.5 Volt Characteristics A fe | | 


Output Power = 2.2 Watts | 
Minimum Gain (VControl = 9V) = 20.4 dB 
Harmonics = --25 dB (Max 2 fo) 
50 2 Input/Output Impedance 
Guaranteed Stability and Ruggedness | 
Thin Film Hybrid Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 
| Rating — | 


DC Supply Voltage (Pins 3,4,5) 


DC Coniroi Voitage (Pin 2) 0 : . MVeont 9 Vde 


oO 
RF Input Power > 


mperature Range l 


Operating Case Tem; a TC —30 to +100 C 


Storage Temperature Range : . | ~65 to +125 


. Characteristic 


MHW802-1 
MHW802-2 


Control Voltage (Poyt = 2.2 W, Pin = 20 mW)\1) 
Trickle Current (V7, Pin 4 = 9 Vdc) 

Power Gain (Pout = 2.2 W, Veont = 9 Vde) 
Efficiency (Poyt = 2.2 W, Pin = 20 mw)(1) 


Harmonics (Poyt = 2.2 W)\1) 2 fo 
(Pin = 20 mW) 3 fo 
Input VSWR (Pout = 2.2 W, Pin = 20 mW), 50 Q Ref. (1) 
Noise power 30 kHz Bandwidth, 45 MHz, above fo 
(Pout = 2.2W't) Te = +25°C | 
(Pin = 20 mW) Te = +100°C 
Load Mismatch (Vcc Pins 3,5 = V7 Pin 4 = 12.5 Vdc, 
VSWR = 3:1, Pout = 3 W, Pin = 50 mw)(1) 


Stability (Pj, = 20 mW, Vec = VT = 7.9 Vdc to 9.5 Vde, 
Pout between 20 mW and 2.2 WI) 
Load VSWR = 3:1, Source VSWR = 3:1) 


(1) Adjust Veont for specified Pout. 


Frequency Range 


All spurious outputs 
more than 60 dB 
below desired signal 


No Degradation 
in Power Output 


MHW802-1, MHW802-2 


TYPICAL PERFORMANCE CURVES 
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f, FREQUENCY (MHz) a -Veont: CONTROL VOLTAGE (Vde] 


Figure 1. Control Voltage, Efficiency, 


. Figure 2. Output Power versus Control Voltage 
and VSWR versus Frequency “is 


Vee = 9.5 Vde 
V7 = 9 Vde 


leant: CONTROL CURRENT (mA) 
Veont CONTROL VOLTAGE (Vdc) 


Veont: CONTROL VOLTAGE (Vdc) _ . : Tc, CASE TEMPERATURE (°C) 


Figure 3. Control Current versus Control Voltage . Figure 4. Control Voltage versus Case Temperature 


t-Vcc = 7.9 Vde 
VT = Veont = 7.4 Vdc 


|, OUTPUT | 
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Figure 5. Output Power versus Case Temperature ae 
| Figure 6. UHF Power Module Test Setup 


MOTOROLA RF DEVICE DATA 
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_ Figure 7. Control Voltage, Efficiency, 


Figure 8. Output Power versus Control Voltage 
and VSWR versus Frequency ; i? 
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‘Figure 9. Control Current versus Control Voltage Figure 10. Control Voitage versus Case Temperature 


STYLE 2: 
PIN 1. RF INPUT 
2. V. CONTROL 
3. Vcc (2nd STAGE) 
4. V7 TRICKLE BIAS 
5. Vec (3rd STAGE) 
6. NO CONNECTION 
“J. RE OUTPUT 
CASE. GROUND . 


| MILLIMETERS INCHES 
MAX | MIN | MAX 
i 30.61 4.195 | 1.205 


70.87 | 0.812 | 0.822 | 
7.62__| 0.290 | 0,300 

0.086-56 UNC 2B 
0.100 BSC 
0.0145 | 0.0155 


Pout, OUTPUT POWER (W) 


0.200 = 
0.141 BSC 
0.086-56 UNC 2B 


3, POSITIONAL TOLERANCE FOR: 10.11 BSC 0,398 BSC 
Y SNES DATUM. TAND TT ARE LEADS, J DIM (7 ‘ao aS¢ 
2 POSTION TOLERANCE FOR: Heel @ [Cham. 82° x 100 6 Tc, CASE TEMPERATURE (°C) 
4, lel gossioco eT TTT . 
Fe] g OOO TTITTR®) 5 ONMOLING ON CASE 784-01 Figure 11. Output Power versus Case Temperature 


MOTOROLA RF DEVICE DATA 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal - 
conditions of Vcc (Pins 3 and 5) equal to 9.5 Vdc, Vy (Pin 
4) equal to 9 Vdc, and Poyt equal to 2.2 watts. With these 
conditions, maximum current density on any device is 
1.5 x 105 A/cm? and maximum die temperature with 
100°C case operating temperature is 165°C. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the limits 
of published specifications is not recommended unless 
prior communication: regarding intended use has been 
made with the factory representative. 


GAIN CONTROL 

The module output should be limited to 2.2 watts. The 
preferred method of power output control is to fix Vcc 
(Pins 3 and 5) at 9.5 Vdc, V7 (Pin 4) at 9 Vdc, Pjp (Pin 1) 
at 20 mW, and vary Vcont (Pin 2) voltage. 


Figure 12. Test Fixture Assembly 


INPUT LINE OUTPUT LINE 


1 2 3 4 5 6 7 


DECOUPLING 


Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3 and 5 are internally by- 
passed with a 0.018 uF chip capacitor which is effective 
for frequencies from 5 MHz through 915 MHz. For by- 
passing frequencies below 5 MHz, networks equivalent 

to that shown in Figure 6 are recommended. Inadequate 
decoupling will result in spurious outputs at certain op- 
erating frequencies and certain phase angles of input and 
output VSWR. 


LOAD MISMATCH 


BODY CLEARANCE — TEFLON GLASS BOARD During final test, each module is load mismatch tested 

FOR 4-40 SCREW = SM TYPE LX-0300-55-22 in a fixture having the identical decoupling networks de- 
scribed in Figure 6. Electrical conditions are Vcc and VT 
equal to 12.5 Vdc, VSWR equal to 3:1, and au power 
equal to 3 watts. 


Figure 13. UHF Printed Circuit Board 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
TECHNICAL DATA 


~ 
| | 
Ln ___ - are eg 6.0 W — 806-960 MHz — | 


: | RF POWER 
UHF POWER AMPLIFIER MODULE AMPLIFIER MODULE 


industrial and commercial FM equipment operating from 806 to 
960 MHz. waa = a 
@ MHW806-1 820-850 MHz 

MHW806-2 806-870 MHz 

MHW806-3 — 890-915 MHz 

MHW806-4 | 870-960 MHz 
®@ Specified 12.5 Volt, UHF Characteristics 

Output Power = 6 Watts 

13.8 dB (MHW806-1,2) 
= 12.3 dB (MHW806-3,4) 
Harmonics = —45 dBc Max 


Minimum Gain. 


I 


@ 50 © Input/Output Impedances 

® Guaranteed Stability and Ruggedness | fo fe Da tes: 

® Features Two Common-Emitter Gain Stages | ain ey PIN 1 RE INPUT 

@ Thin-Film Hybrid Construction Gives Consistent Performance | ules . : i erie 
and Reliability 7 4. RF OUTPUT 


® Gold-Metallized and Silicon Nitride-Passivated Transistor Chips | | eck ft 
# Controllable, Stabie Performance Over More Than30dBRange | | 


... designed for 12.5 volt UHF power amplifier applications in 


SEATING 


mW 
a ae | PLANE © 
E 
NOTES: - 


1, DIMENSIONS A AND S ARE DATUMS. 
oe 2, IS A DATUM AND SEATING PLANE. 
3, POSITIONAL TOLERANCE FOR DIMENSION B: 
) 

_ 4, POSITIONAL TOLERANCE FOR DIMENSION D 
(4 PLACES): eee 
POSITIONAL TOLERANCE FOR DIMENSION Q 

(2 PLACES): 

POSITIONAL TOLERANCE FOR DIMENSION U 
(4 PLACES): . 

0.25 (0.010) ®([TlA ® 
DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

CONTROLLING DIMENSION: INCH. 


: aaa MILLIMETERS | INCHES | 
TA 
| B 


in Output Power 


on 


jor) 


~ 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


DC Supply Voltages Vs1, Vs2 16 Vde. 
RF Input Power (Poyt < 9.0 W) Pin 400 


RF Output Power Pout W 
| (Vs1 = Vso = 12.5 V) 


co 


MIN | MAX | MIN | MAX | 
37.85 | 38.35 | 1.490 | 1.510 


0.36 0.66 


| | D | 
| Storage T ES * YE | 305 | 3.42 
ge Temperature Range Tstg 30 to +100 C | FT 379 14.34 
| Operating Case Temperature Range | 1 | -40 to +100 | G | 29.72 BSC 
c : c £ | H | 381BSC 0.150 BSC 
9.25 BSC 0,364 BSC 
| K | 572] — | 025 | — | 
Bae 


1.27 BSC 0.050 BSC 
6.35 BSC 9.250 BSC 


0.20 
1.27 BSC 


0.050 BSC 
CASE 2978-01 


MOTOROLA RF DEVICE DATA 
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MHW806 Series 


ELECTRICAL CHARACTERISTICS (Flange Temperature = 25°C, 50 © system, and Vs = Vs2 = 12.5 V unless otherwise noted). 
Characteristic 


Frequency Range © MHW806-1 
-MHW806-2 
MHW806-3 
MHW806-4 


Input Power MHW806-1,2 
(Pout = 6.0 W): MHW806-3,4 


Power Gain - MHW806-1,2 
(Pout = 6.0 W) MHW806-3,4 


Efficiency | n 30 38 
Harmonic Output [ | | es ee 
(Pout = 6.0 W Reference) . | . a 
Input VSWR - . 

(Pout = 6.0 W, 50 © Reference) 


Power Degradation (—30 to + 80°C) - 
(Reference Pout = 6.0 W @ Tc = 25°C) 

Load Mismatch Stress | 
(Vs1 = Vs2 = 16 Vde, Pout = 7-5 W, VSWR = 30:1, 
all phase angles) oe ; 

Stability (Pj; = 0 to 250 mW, [MHW806-1,2] or 0-350 mW All spurious outputs =70 dB below 
(MHW806-3] consistent with max. Poyt = 7.5 W, Vs1 = the desired output signal level 
Vs2 = Vs3 = 10 to 16 Vdc, Load VSWR = 4:1) 


Quiescent Current _ 
(Is with no RF drive applied) 


| MHW806 
Test 


Fixture ‘Ye ‘Tes ‘Tee 


Diagram = 


RF Output 


10dB Input | si . —Vs2 } 500 
Attenuator, 412.5 Vde @ 0.45 A +12.5 Vde @ 1.2 A Termination 
Typical) | - (Typical 
RF (Typical) | (Typ a ) | 
Signal . . . : 
Generator Z1,Z2 — 50 Q Microstrip 


= C1,C4 —1.0 pF 
7 C2,C5 — 0.1 uF 
C3, C6 — 0.018 uF 


MOTOROLA RF DEVICE DATA 


MHW806 Series 


APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the following 
nominal conditions: (Poyt = 6.0 W, Vs1 = 12.5 Vdc). FIGURE 2 — TEST FIXTURE ASSEMBLY 
This module is designed to have excess gain margin 
with ruggedness, but operation outside the limits of the 
published specifications is not recommended unless 
prior communications regarding the intended use have 
been made with a factory representative. . 


Gain Control 

In general, the module output power should be lim- 
ited to 7.5 watts. The preferred method of power output 
contro! is to fix both Vs1 and Vs9 at 12.5 volts and to 
vary the input RF drive level at Pin 1. 

A second method of output power control is to adjust 
the supply voltages (Vs7 independently or Vs1 and Vs? 
simultaneously). 


FIGURE 3 — TEST FIXTURE CONSTRUCTION 
TOP VIEW 


(3 x 3x 0.5 inch Aluminum Base) 


See Cross 
Section View 
Shown Below 


I os 


Decoupling 
eee Due to the high gain of each of the three stages and 
x RE RF the module size limitation, external decoupling net- 
Input y ig Output works require careful consideration. Pins 2,3 and 4 are 
(Line Width = 0.177”) Vs C3 «C6 Vg2 (Line Width = 0.177”) internally bypassed with a 0.018 «uF chip capacitor which 


is effective for frequencies from 5.0 MHz through 960 

MHz. For bypassing frequencies below 5.0 MHz, net- 

works equivalent to that shown in the text fixture sche- 

CROSS SECTION VIEW 9.0625” Thick Teflon matic are recommended. Inadequate decoupling will 

RE Vs2 Vs impregnated Fiberglass result in spurious outputs at specific operating fre- 

Output : (er = 2.55) quencies and phase angles of input and output VSWR. 
NN Y Input 


BARRARVVRAARCAARERAT, & AAALRARAASSEAL cae 


(Vs and Vs2 Line Widths 
Are Not Critical) 


Load Pull 
During final test, each module is load mismatch. stress 
tested in a fixture having the identical decoupling net- 


. C1, C2, C4, CB work described in Figure 1. Electrical conditions are Vs1 
Bring capacitor leads through fiberglass board and solder to Vs equal to 16 volts, load VSWR 30:1 and output power 
and Vg lines as close to module as possible. equal to 7.5 watts. 


To insure optimum heat transfer from flange to heatsink, use 
standard 6-32 mounting screws and an adequate quantity of 
silicon thermal compound (e.g., Dow Corning 340). With both 
mounting screws finger tight, alternately torque down the 
screws to 4-6 inch pounds. 


_ MOTOROLA RF DEVICE DATA 


4-36 


an | MHW806A8° 
: The RF Line |} 6&0 w— 806-960 mz 


HIGH GAIN RF POWER 
_ AMPLIFIER MODULE — 


UHF POWER AMPLIFIER MODULE 


. designed for 12.5 volt UHF power amplifier applications in — 
industrial and commercial FM equipment operating from 806 to 
950 MHz. | - 


® MHW806A1,A5 820-850 MHz 
MHW806A2,A6 806-870 MHz 
MHW806A3,A7 890-915 MHz 
MHW806A4,A8 870-960 MHz 


Specified 12.5 Volt, UHEF Characteristics. 


Output Power = 6.0 Watts 
Minimum Gain = 23 dB (MHW806A1,2,3,4) 

= 17.8 dB (MHW806A5,6,7,8) 
Harmonics = —42 dBc Max (2f9) 

=. —60 dBc Max (3fo and Higher) 


50 a inputlOutput impedances 
Guaranteed Stability and Ruggedness 
Features Three Common-Emitter Gain Stages 


Thin-Film Hybrid Construction Gives Consistent Performance 
and Reliability 


Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 


® Controllable, Stable Performance Over More Than 35 dB Range: 
in Output Power 


Cc 
SEATING 
PLANE 
1. POSITIONAL TOLERANCE FOR D DIMENSION 
(5 PL}: 

0.25 (0.010) @® 

. 2. POSITIONAL TOLERANCE FOR G DIMENSION: 
STYLE 1: b 0.13 (0.005) ® [TA @| 


an ; ae 3, POSITIONAL TOLERANCE FOR P DIMENSION 


3. +DC (5 PL): 
4. +DC 0.25 (0.010) ® | T| 
MAXIMUM RATINGS 5. RF OUTPUT 4. POSITIONAL TOLERANCE FOR 0 DIMENSION 
(2 PL): ” 
Rating $@ 
5. DIMENSIONING AND TOLERANCING PER ANS! 
DC Supply Voltages 16 Y14.5M, 1982, . 
RF Input Power | | 80 6. CONTROLLING DIMENSION: INCH. 
9.0 
Ran | -30 to +100 
Operating Case Temperature Range Tc -30 to +100 °c 
DC Control Voltage VCont 12.5 | Vde | 


4.06 150_ | 0.160 
19.55 | 0.685 | 0.770 


1270BSC | 0.500 BSC. 
CASE 301H-01 


MOTOROLA RF DEVICE DATA 


MHWS806A Series 


ELECTRICAL CHARACTERISTICS (Flange Temperature = 25°C, 50 © system, and Vs1 = 12.5 V unless otherwise noted) 


Characteristic | Symbol Min Typ | Max =| Unit | 


Frequency Range MHW806A1,A5 BW 820 — 850 MHz 
. MHW806A2,A6 806 ae 870 
MHW806A3,A7 890 = 915 
| ___: MHW806A4,A8 | 870 | — 960 | 
 PawerGain: MHW806A11,2 Gp | 23 | 24 | > | dB 
| (Veont = 12.5 Vde, Pout =.7.5 W) MHW806A3 | 17.8 18.3 == 
| é Efficiency (1) n 30 35 — % 
(Pout = ee 6. 0 W) : 
Harmonic Output (1) 2fo —42 dBc 
(Pout = 6.0 W Reference) 3fg and Higher —60 
Input VSWR (1) = oa —_ 2:1 —_— 


(Pout = 6.0 W, 50 © Reference, Reflected Signal Filtered to | | 
Eliminate Harmonic Content) 


Power Degradation (— 30 to + 80°C) (1) 1.7 dB 
(Reference Pout = 6.0W @Tc = 25°C) - 


Load Mismatch Stress (1) 
(Vs1 = 16 Vdc, Pout = 7.5 W, VSWR = 30:1, 


No degradation in Power Output 
all phase angles) 

Stability (Pi, = 0 to 30 mW, [MHW808A1,2] or 0-40 mW | : Fes 
(MHW808A3], Vs1 = 10 to 16 Vdc, Vcont = 0 to 12.5 Vdc, EUSP oUs OULpUte 5/0 ab pelow 
Load VSWR = 4:1, Poyt Max = 7.5 W) (2) desired output a level 


Quiescent Current Ist(q) 
(Ig54 with no RF drive applied) . 
Control Voltage Pin = 30 mW (MHW806A1,2), Pee 9.0 12.5 Vdc 
Pin = 100 mW (MHW806A3,A4) 
Control Current Pd — 6.0 W | Icont | 100 


(1) Pin = 30 mW IMENT BOGAN, 2) or Pin = 100 mW (MHW806A3,A4), selva Vcont for aes —- 


(2} Combination of Pin, Vsi, and Vconi can not exceed max Poy = 7.5. W 


FIGURE 1 — UHF POWER MODULE TEST SYSTEM DIAGRAM 


MHW806A Internal Diagram 


Output 

Power - Spectrum 

‘Meter Analyzer 
Input* — Reflected | | : 
Power Power | / 
Meter Meter 


Fixture 
Diagram 


| Attendator 


| RF Vcont V Bs | | 
Input «0-125 Vde 4128Vdeo Output | |_ | 
@ 0.055A @ 1.25 A _— | 
20 dB Dual Directional (Nominal) (Nominal) . 20 dB Dual: Directionai | 
Coupler . : Coupler. 
W- Z1, Z2 — 50 2 Microstrip . | AM 
ee | : C1, C4 — 1.0 wF a 1 
Mise RF Signal C2, C5 — 0.1 uF fees 
Minimum Ganararar C3, C6 — 0.018 pF Termination 


Attenuation 


*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 
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MUAHWS806A Series 


APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the following 

nominal conditions: (Poyt = 6.0 W, Vg1 = 12.5 Vdc). 
. This module is designed to have excess gain margin 
with ruggedness, but operation outside the limits of the 
published specifications is not recommended unless 
prior communications regarding the intended use has 
been made with a factory representative. 


Gain Control . . 

In general, the module output power should be lim- 
ited to 7.5 watts. The preferred method of power output 
control is to fix Vg1 and at 12.5 volts, set RF drive level, — 
and vary the control. voltage from 0 to 12.5 Volts. As — 
designed, the module exhibits a gain control range 
greater than 35 dB using the method described above. 


FIGURE 3 — TEST FIXTURE CONSTRUCTION 


TOP VIEW 


(4 x 4x 0.5 inch Aluminum Base) 


See Cross 
Section View 


RF 
Output 
(Line Width = 0.177”) 


Input 
(Line Width = 0.177”) 


CROSS SECTION VIEW 


0.0625” Thick 
RE “Ver. RF Teflon Fiberglass 
V : $1 
Input Cont . Ly Output (€, = 2.55) 
Ny 


CTITI IIIT IL ITIT IIIT IAA ALA AAU AAA LL A BAM lero LTAAL ALL GT TIT IIIT TT EY 


Loi 


C4, C5 


Bring capacitor leads through fiberglass board and solder to Vs1, 
Vs52, and Vcont lines as close to module as possible. 


FIGURE 2 — TEST FIXTURE ASSEMBLY 


Decoupling 

Due to the high gain of each of the three stages and 
the module size limitation, external decoupling net- 
works require careful consideration. Pins 2, 3 and 4 are 


___ internally bypassed with a 0.018 uF chip capacitor which 


is effective for frequencies from 5.0 MHz through 960 
MHz. For bypassing frequencies below 5:0 MHz, net- | 
works equivalent to that shown in the text fixture sche- 
matic are recommended. Inadequate decoupling will © 
result in spurious outputs at specific operating fre- 
quencies and phase angles of input and output VSWR. 


Load Mismatch Stress 

During final test, each module is load mismatch stress . 
tested in a fixture having the identical decoupling net- - 
work described in Figure 1. Electrical conditions are Vg1 _ 
equal to 16 volts, load VSWR 30:1 and output power 
equal to 7.5 watts. 


. Mounting Considerations 


To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger — 


tight, alternately torque down the screws to 4-6 inch 


pounds. The heatsink mounting surface directly 
beneath the module flange should be flat to within 
0.0015 inch to prevent fracturing of ceramic substrate - 
material. For more information on module mounting, 
see EB-107. 


MOTOROLA RF DEVICE DATA 


= SEMICONDUCTOR 


MOTOROLA 


‘MHW820-1 
MHW820-2 
MHW820-3 — 


TECHNICAL DATA 


T feanan | | BS | 
. ihe | I | 18/20 W — 806-950 MHz 


RF POWER 
AMPLIFIER MODULE 


UHF POWER AMPLIFIER MODULE 


| _ designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 806 to 
950 MHz. 

i 


© MHW820-1 806-870 MHz 
MHW820-2 806-890 MHz 
MHW820-3 870-950 MHz 
@ Specified 12.5 Volt, UHF Characteristics 
Output Power = 20 Watts (MHW820-1,2) 
oo . 18 Watts (MHW820-3) 
19 dB (MHW820-1,2) 
= 17.1 dB (MHW820-3) 
Harmonics = —58 dBc Max 
50 © Input/Output Impedances 
Guaranteed Stability and Ruggedness 
Features Three Common-Emitter Gain Stages 


Thin-Film Hybrid Construction Gives Consistent Performance D I | . 2. +DC (CONTROL) 
3, +DC (SUPPLY) 
4.+0C — 


Minimum Gain 


‘and Reliability | | 
_@ Gold-Metallized and Silicon Nitride-Passivated Transistor 
Chips - a | 
® Controllable, Stable Performance Over More Than 30 dB 
Range in Output Power oo 


NOTES: So ; 
. POSITIONAL TOLERANCE FOR D DIMENSION 
(4 PL): . 


+] 0.25 (0.010) ® [T[z] 
. POSITIONAL TOLERANCE FOR G DIMENSION: 
[+] 60.13 (0.005) @[ TIA @] 
. POSITIONAL TOLERANCE FOR P DIMENSION 
(4 PL): , ; 
-+-| 0.25 (0.010) ® | T| a 
. POSITIONAL TOLERANCE FOR Q DIMENSION 
(2 PL): 
+] 0.13 (0.005) ®|[ Tis @ | 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 


"MILLIMETERS 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


RF Input Power (Pout < 25 W) | Pin 
RF Output Power (Pi, <400 mW) | 
| | -30 to +100. 
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MHW820-1, MHW820-2, MHW820-3 


ELECTRICAL CHARACTERISTICS (Flange Temperature = 25°C, 50 0 system, and V1 =Vs2= 12.5 V unless otherwise noted) _ 


penne amet [in [ae [un 


Frequency Range _ MHW820-1 
MHW820-2 
MHW820-3 


Input Power (Pout = 20W) | MHW820-1, 2 
(Pout = 18 W) ~  MHW820-3 


Power Gain (Poyt = 20W) MHW820-1, 2 
(Pout = 18 W) | MHW820-3 
Efficiency (Poyt = 20W) - _ MHW820-1, 2 
(Pout = 18 W) MHW820-3 
Harmonic Output ; 
(Pout Reference = Rated Pout) 


Input VSWR . | 
(Pout = Rated Pout, 50 © Reference) 


Power Degradation (—30 to +80°C) _ 
(Reference. Pout = = Rated Pout @ Tc = 25°C) 
Load Mismatch Stress 
all phase =ngles) 
Stability (Pj, = 0 to 250 mW, [MHW820-1, 2] or 350 mW 


[MHW820-3] consistent with max, Pout = 25 W, Vs1 = | All non-harmonic related spurious outputs 
Vs2 = V3 = 10 to 16 Vdc, Load VSWR = 4:1) ' = 70.dB below the desired output signal level 


Quiescent Current 
(Is, with no RF drive applied) . 


FIGURE 1 — 806-950 MHz TEST SYSTEM DIAGRAM 


-MHW820 Internal Diagram 


MHW820 
Test 
Fixture 
Diagram 


Vs1 Vs2 oo, Vs3 
+ 12.5 Vde @ 0.45 A Las +12.5 Vde @ 1.25 A +12.5 Vde @ 3.2 A 
(Typical) (Typical) (Typical) 


10 dB 500 © 
Attenuator Termination 
” Z1, 22 — 50 0 Microstrip | 
RF C1, C4, C7 — 1.0 pF 


Signal | C2, C8 CBO AF _ = 
Generator C3, C6, C9 — 0.018 uF | 7 


MOTOROLA RF DEVICE DATA 


MHW820-1, MHW820-2, MHW820-3 


_TYPICAL PERFORMANCE CURVES 
(MHW820-1, 2) | 


_ FIGURE 2 — INPUT POWER, EFFICIENCY 


AND VSWR versus FREQUENCY | FIGURE 3 — OUTPUT POWER versus INPUT POWER 
cet 2. be et HRS 50 40 ] I | j l 
a Pb “Dace | | V1 = Vg? = Vg3 = +12.5 Vde 
| wee we ; 


PPP PPP rrr 


n, EFFICIENCY (%)- 


= = 30 
Lu 
wi = [= 800 MHz 
2 a =~ 870 MHz 
- ace Wa 
> E f, 
= 3 ies Za 
2. / 
[Ja] 
> 
md 
e 0 
= 100 200 300 - 400 
_ f, FREQUENCY (MHz) Pin, INPUT POWER (mW) ~~ 
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — EFFICIENCY versus SUPPLY VOLTAGE 
Pin SET FOR Poyt = 20W 
: @ Vs] = V5? = V53 = 412.5 Vdc 
= 2 
o s 
wy > 
S z 
& = 
a ua 
jong ve 
=> rvs) 
S e 
2 870 MHz. 
a 
Vs1, Vs2. Vs3. SUPPLY VOLTAGE (Vdc) . Vs1, Vs2. Vs3, SUPPLY VOLTAGE (Vdc). 
FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE ; 
.~ JO FIRST STAGE (Vs5i) : FIGURE 7 — INPUT POWER versus CASE TEMPERATURE 
| a 400 ais aes ia 
vaugteoke T | [| 14 = 
Pin SET FOR Pout = 20W Vsi = Vs2 = Vs3 = 412.5 Vde 
ate mi ae: 
> : — 300 
= 
F Lea) 2.) 
= > ; & 
fry] 
= | ese = 200| 
E | [| | | 6g] 
= | S 
crt] & 
. eek So | 
aed | 
--60 ~-40 -20 0 +20 +40 +60 +80 +100 
V1, SUPPLY VOLTAGE (Vdc) Tc, CASE TEMPERATURE (°C) 


MOTOROLA RF DEVICE. DATA 


A.AD 


MHW820-1, MHW820-2, MHW820-3 


TYPICAL PERFORMANCE CURVES 


(MHW820-3) 


FIGURE 8 — INPUT POWER, EFFICIENCY AND 


FIGURE S — OUTPUT POWER versus INPUT POWER 


VSWR versus FREQUENCY 


+12.5 Vde 


= V53 = 
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f, FREQUENCY (MHz) 


Pin, INPUT POWER (mW) 


FIGURE 10 — OUTPUT POWER versus 


FIGURE 11 — EFFICIENCY versus SUPPLY VOLTAGE | 


SUPPLY VOLTAGE 


+12.5 Vde 


Pin set for Poyt = 18 W 
Vs2 = Vs3 = 
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 Vs1. Vs2. V3, SUPPLY VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 


MHAW820-1, MHW820-2, MHW820-3 


APPLICATIONS INFORMATION | 


Nominal Operation 

All electrical specifications are based on the following 
nominal conditions: (Poyt = Rated, Vs1 = Vs2 = Vs3 
= ‘12, 5 adele: This moduie is desianes to have excess 


limits of “the ‘published "specifications is not recom- 
mended uniess prior communications regarding the in- 
tended use has been made with a factory representa- 
tive 


Gain Control 

This module is designed for wide range Pout level 
control. The recommended method of power output 
control, as shown in Figure 3 and 9, is to fix Vs7, Vs2, 
and Vg3 at 12.5 Vde and vary the input RF drive level 
at Pin 1. 

A second method of output control is to adjust the 
supply voltage (Vs1 independently or Vs7, Vs2, and Vs3 
simultaneously). However, if any of these voltages fall 
out of the range from 10 to 16 volts module stability 
cannot be guaranteed. Typical ranges of power output 
control using this method are shown in pguree 4, 6, 
and 10. . 

In all souicsien the module output power should 
be limited to 25 watts. 


FIGURE 12 — TEST FIXTURE ASSEMBLY 


Decoupling 

Due to the high gain of each of the two stages and the 
module size limitation, external decoupling networks 
require careful consideration. Pins 2,3 and 4 are internally 
bypassed with 0.018 uF chip capacitors which are effec- 
tive for frequencies from 5 MHz through 950 MHz. For 
bypassing frequencies below 5 MHz, networks equivalent 
to that shown in the test fixture schematic are recom- 
mended. inadequate decoupling will result in spurious 


outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


FIGURE 13 — TEST FIXTURE CONSTRUCTION 


TOP VIEW 
[pc ae eel 


(4x 4x 0.5 inch Aluminum Base) 


See Cross 
Section View 


/ 


RF 
RF Output 
_ Input & (Line Width 
(Line Width =0.177”) C3 C6 cg = 0.177”) 


CROSS SECTION VIEW 9.9625" Thick 


RF Vs3. Vs? Vs1 RF Teflon — Fiberglass 
Output \ ae Input Ke = 2.55) 


BN N ; 
LY haherdnbarherbenberabeadnbenthadewhukuh xk aheukchoheakihhak kde ‘T7741 Lie itd 4 aeememserery Lk hhh Laberd ctheaskrabeanl 


waweeane vrtrrtiam vaveumuns 


C1, C2, C4, C5, C7, C8 


Bring capacitor leads through fiberglass board and solder to Vgj, 
Vs52, and Vg3 lines as close to module as possible. 

To insure optimum heat transfer from flange to heatsink, use 
standard 6-32 mounting screws and an adequate quantity of 
silicon thermal compound (e.g., Dow Corning 340). With both 
mounting screws finger tight, alternately torque down the 
screws to 4-6 inch pounds. 


Load Pull 

During final test, each module is “‘load pull’’ tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vs1, Vs2 and 
Vs3 equal to 16 volts output, VSWR 30:1 and output 
power equal to 25 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an | 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.002 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


MOTOROLA RF DEVICE DATA 


A_AA 


MOTOROLA 


ga SEMICONDUCTOR | 
TECHNICAL DATA 


MHW1134 

MHW1184 
MHW1224 
MHW1244 


13.0 dB 
- 18.5 dB 
<. 22.0 dB 

24.0 dB 


ZZ The RF Line et; 


5.0-200 MHz ~ 
CATV HIGH-SPLIT 
REVERSE AMPLIFIERS 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as return amplifiers 
for mid-split and high-split 2-way cable TV systems. Features all 
gold metallization system. . 


® Guaranteed Broadband Power Gain @ f = 5.0-200 MHz 

@ Guaranteed Broadband Noise Figure @ f = 5.0-175 MHz 

e Superior Gain, Return Loss and DC Current Stability with 
Temperature . , 

@ All Gold Metallization | 

® All lon-implanted Arsenic Emitter Transistor Chips with 7.0 GHz 
fT’s | 

@ Circuit Design Optimized for Good RF Stability Under High 
VSWR Load Conditions 

@ Transformers Designed to Insure Good Low Frequency Gain 
Stability versus Temperature 


RF IN 
. GROUND 
. GROUND 
. DELETED 


ABSOLUTE MAXIMUM RATINGS | 
Rating Symbol Unit 1. MOUNTING HOLES WITHIN 0.25 mm (0.010} OIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) dBmvV . 
+28 


| 

DC Supply Voltage | Vee | 28 | Vdc INCHES 
Operating Case Temperature Range °C is 
Storage Temperature Range °C : 


12.95 
8.25 
2.67 


8.00 | 850 | 
25.40 BSC 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


MHW1134, MHW1184, MHW1224, MHW1244 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 © system) 
MHW1134 MHW1184 MHW1224 | MHW1244 


Gp __| 13.0+0.5 | 1850.5 | 22.0+0.5 | 24.0+0.5 


-.Characteristic 


| Power Gain @ 10 MHz > 


Frequency Range (Response/Return Loss) Note 1 


i Cabie Siope Equivalent (5.0-200 ivitz) | S | — = 0.2 Min/ 
Gain Fiatness (5.0-200 MHz) F 
Input/Output Return Loss (5.0-200 MHz) Note 1 IRL/ORL 
Cross Modulation Distortion @ +50 dBmV per ch. 
12-Channel FLAT (5.0-120 MHz) XM 42 —70 Typ 
|  22-Channei FLAT (5.0-175 MHz) Notes 2 and 3 XMo2 —65 Max 
26-Channel FLAT (5.0-200 MHz) XM26 -65 Typ 


Composite Triple Beat Distortion @ +50 dBmV per ch. 
22-Channel FLAT (5.0—175 MHz) Notes 2 and 3 
26-Channel FLAT (5.0-200 MHz) 


Individual Triple Beat Distortion ‘@ +50 dBmV per ch. 
Mid-Split (5.0-120 MHz) T11, T12 and CH2 @ 123.25 MHz 
High-Split (5.0-175 MHz) T13, CH2 and CH5 @ 175.5 MHz 


Second Order Distortion @ +50 dBmV per ch. 
High-Split (5.0-175 MHz) CH2, CHA @ 176.5 MHz 


Noise Figure. 


CTB22 =| —73 Max | —72 Max 
| -CTBog | —71 Typ | —70 Typ 
TB3 ~90 Typ | —88 Typ | —88 Typ 
TB3 -—87 Typ | —85 Typ | —85 Typ 
eee es a a ee 
| NEF 7.0 Max | 5.5 Max | 5.5 Max | 5.0 Max 
High-Split (5.0-175 MHz) Note 2 7 


DC Current (Vpc = 24 +0.5 Vdc, Tc = 30°C) 210 Typ/240 Max 


1. Response and return loss characteristics are tested and guaranteed for the full 5.0-200 MHz frequency range. 


2. Motorola 100% distortion and noise figure testing is performed over the 5.0-175 MHz frequency range. Cross modulation and composite triple 
beat testing are with 22-channel loading; Video carriers used are: 


T7-T13 7.0-—43.0 MHz 7-Channels 
2-6 55.25-83.25 MHz 5-Channels 
A-7 121.25-175.25 MHz 10-Channels 


3. Video carriers used for 12-Channel typical performances are T7—-6; For 26-Channel typical performance, Channels 8, 9, 10 and 11 are added to the 
' 22-Channel carriers listed above. 


MOTOROLA RF DEVICE DATA 


4-46 


MOTOROLA 
TECHNICAL DATA 


MHW1172R 


The RF Line 


NEGATIVE SUPPLY VOLTAGE 
CATV TRUNK AMPLIFIER - 
LOW DISTORTION WIDEBAND AMPLIFIER MODULE | | 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as CATV trunk-line 
amplifier operating from a —24 Vdc supply. Features all gold metalli- 
zation system. 


@ Broadband Power Gain — @ f = 40-300 MHz 
Gp = 17 dB (Typ) | 


Broadband Noise Figure — @ f = 300 MHz 
NF = 6.5 dB (Typ) 


® Superior Gain, Return Loss and DC Current Stability 


STYLE 1: 
with Temperature 


PIN 1. RF IN 
GROUND 
GROUND 
VDC 
DELETED 
DELETED 
GROUND 
GROUND 
RF OUT 


All Gold Metallization 


OKNNMAAPWH 


- 


y 
ee es 


i} 


6-32 UNC 2B 


| NOTE: - 

ABSOLUTE MAXIMUM RATINGS 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
Rating Symbol Unit TRUE POSITION AT MAXIMUM MATERIAL CONDITION, 

RF Voltage Input (Single Tone) Vin dBmv_ | 

MILLIMETERS INCHES 
DC Supply Voltage | Vcc Vde MIN | MAX | MIN | MAX 
Operating Case Temperature Range Tc —20 to +100 C 45.08 | — | 1.775 

26.92 | 1.040 | 1.060 

Storage Temperature Range Tsta —40 to +100 “C 21.34 | 0.810 | 0.840 


11.05 | 11.43 | 0.435 | 0.450 
7,49 0.295 | 0.305 


CASE 714C-03 


MOTOROLA RF DEVICE DATA 


MHW1171R, MHW1172R 


| Frequency Range 


Power Gain — 50 MHz 
Gain Flatness Pe eee ci 


Return Loss — Input/Output IRL/ORL 
(Zg = 75 Ohms) 


Second Order !ntermodulation Distortion 

(Vout = +50 dBmV per ch., Ch2, 13, R) 
MHW1171R 
MHW1172R 


Cross Modulation Distortion 
(Vout = +50 dBmvV per.ch.) 
MHW1171R = 12 Channel FLAT 

~ 21.Channel FLAT 

- 30 Channel FLAT 

35 Channel FLAT 

MHW1172R 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 


Composite Triple-Beat 
(Vout = +50 dBmvV per ch.) 
MHW1171R 12 Channel FLAT TB192 — 
21 Channel FLAT TB9q _ 
30 Channel FLAT 
35 Channel FLAT 
MHW1172R 12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 


Noise Figure 
(f = 300 MHz) 
MHW1171R 
MHW1172R 


DC Current 

(Vpc = 24 +0.5 Vdc) 
MHW1171R 
MHW1172R 


MOTOROLA RF DEVICE DATA 


4-48 


is ticrtint eee 
TECHNICAL DATA ee ge MHW1343 


MHW1344, 


‘The RF Line. 


34dBGAIN 
- TWO-SECTIONCATV- 
LINE-EXTENDER AMPLIFIER 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. Features all-gold metallization system. 

Accessible Interstage for Gain and Tilt Control Circuitry 

Phase Inversion Possible with Dual Output Pins 


Broadband Power Gain — 
Gp = 34 dB (Typ) @ f = 40-300 MHz, 2 X 17 dB Gain Stages 


. Broadband Noise Figure — 
NF = 4.0 dB (Typ) @ f = 300 MHz © 


Superior Gain, Return Loss and DC Current Stability 
With Temperature 


zy 
2 
orl 
=) 
2a 
2 


All-Gold Metallization 


CONAN PWN: 
<= 
Oo 
oO 


ABSOLUTE MAXIMUM RATINGS ane 


Rating Symbol Value 1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


RF Voltage Input (Single Tone) - 
DC Supply Voltage = 
Operating Case Temperature Range . 
Storage Temperature Range 


MILLIMETERS 


CASE 714B-03 


MOTOROLA RF DEVICE DATA 


MHW1343, MHW1344 


ELECTRICAL CHARACTERISTICS (Vpp = 24 Vdc, Ta = +25°C unless otherwise noted) 
Characteristic Symbol Min Viax Unit 


| Power Gain — 50 MHz Gp 33 34 35 dB 
Slope .' ; _ S = +0.8. +145 dB 
=e ee ee 
Return Loss — Input/Output IRL4/ORL2 18 dB 
(Zg = 75 Ohms) ORL4/IRL2 16 
| Second Order Intermodulation Distortion IMD he —64 dB 
Vout = +48 dBmvV per ch., Ch 2, 73, R) ' 


Cross Modulation Distortion 
(Vout = +48 dBmV per ch.) 
12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 


Composite Triple Beat. 
(Vout = +48 dBmvV per ch.) 
12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT ~ 


Noise Figure. | ; NF 
(f = 300 MHz) 


DC Current a . Ipc 


a. oe A 6 :. ~ 
(Voc = 24 «0.5 Vac, 


~ 


5 Voc 
© 


9, 8* ** Pin 8 or Pin 9 must be grounded. 


[_mosue | Cetrsine | ofsacond Some 
of First Stage of Second Stage 
“Inverted — | Inverted | In Phase 


tReference phase is signal into Pin 1. 
_ ttReference phase is signal into Pin 6. 


MHW1343 
MHW1344 


DC and RF Ground: Gnd 


MOTOROLA RF DEVICE DATA 
| 4-50 


MOTOROLA _ - 
s SEMICONDUCTO 
‘TECHNICAL DATA 


The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed for broadband applications requiring low-distortion 
characteristics. Specifically intended for CATV market requirements. 
Features ion-implanted arsenic emitter transistors with 6.0 GHz fT, 
and an all gold metallization system. | 


@ Broadband Power Gain — @ f = 40-330 MHz 
Gp = 17.2 dB (Typ) @ 50 MHz 


® Broadband Noise Figure — @ f = 330 MHz 
NF = 5.5 dB (Typ) MHW3171 
= 6.5 dB (Typ) MHW3172 


© Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ Ail Gold Metallization 


ABSOLUTE MAXIMUM RATINGS 


Rating Unit 
RF Voltage Input (Single Tone) dBmvV 

DC Supply Voltage Vde 

Operating Case Temperature Range °C 


Storage Temperature Range 


“MOTOROLA RF DEVICE DATA 


17 dB GAIN 


330 MHz. 


40-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 


SYTLE 1: 

PIN 1. RF IN 
GROUND 
GROUND 
DELETED 
vbC 
DELETED 
GROUND 
GROUND 
RF OUT 


CON OAaPwh 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
[__ MILLIMETERS INCHES xm 
pim | MIN | MAX | MIN | MAX 
A | — | 4508 | — [1.775 
B | 2642 | 2692 | 1.040 | 1.060 
c | 2057 | 21.34 | 0810 | 0.840 
iD | o46°| 056 | 0.018 | 0,022 
E | 1181 | 1295 | 0.465 | 0.510 
F | 762 | 825 | 0300 | 0.325. 
| G | 241 | 267 | 0.095 | 0.105 
H | 965 | 978 | 0380 | 0.385 
J 3.96 BSC 0.156 BSC 
(Kk | 800 | 850 | 0315 | 0.335 
L 25,40 BSC 1.000 BSC 
| nN | 406 | 432 | 0.160 | 0.170 | 
P| 216 | 292 | 0.085 | 0.115 | 
a | 376 | 427 | 0.148 | 0.168 
R | — | 1611 | — | 0.595 
S 
T 
U 


MHW3171, MHW3172 


| 
[. 
| 
pay 
- 
ee 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 © system unless otherwise noted) 


Frequency Range 


Power Gain — 50 MHz 


Return Loss — Input/Output 
(Zg = 75 Ohms) 


Second Order intermodulation Distortion 


(Vout = +50 dBmvV per ch.) 


Cross Modulation Distortion 
(Vout = +50 dBmV per ch.) 


Composite Triple Beat 
(Vout = +50 dBmV per ch.) 


Noise Figure 
(f = 330 MHz) 


DC Current 
(Voc = 24 +0.5 Vdc, To = = 30°C) 


35-Channel FLAT 
40-Channel FLAT 


35-Channel FLAT 
40-Channel FLAT 


MHW3171 MHW3172 


a 


pe ae 
ee Ee 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


=] SEMICONDUCTOR EEE 
TECHNICAL DATA MHW3181 


_ MHW3182 


The RF Line 


18 dB GAIN 
330 MHz. 
40-CHANNEL 


CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


. designed for broadband applications requiring low-distortion 
characteristics. Specifically intended for CATV market requirements. 
Features ion-implanted arsenic emitter transistors with 6.0 GHz fr, 
and an all gold metallization system. 


@ Broadband Power Gain — @ f = 40-330 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz 
® Broadband Noise Figure — @ f = 330 MHz 


NF = 5.2 dB (Typ) MHW3181 
= 6.2 dB (Typ) MHW3182 


@ Superior Gain, Return Loss and DC Current Stability with 
Temperature 


SYTLE 1: 
® All Gold Metallization PIN 1. RF IN 
2. GROUND 
3. GROUND 
4. DELETED 
5. VDC 
6. DELETED 
7. GROUND 
8. GROUND 
9, RF OUT 
Cy 1 
lee! 


ABSOLUTE MAXIMUM RATINGS NOTE: | 
Rating Uni Se a ea an 

RF Voltage Input (Single Tone) Yin} 470 dBmV | 

DC Supply Voitage | vee | +8 Vde 

Operating Case Temperature Range | Tce | -20 to +100 | °C 

Storage Temperature Range °C 


[__ MILLIMETERS INCHES | 
M MAX 
— [17% 
| 
1,060 
0.810 | 0.840 
0.018_| 0,022 
0.465 | 0.510 
0.325 
0.105 
0,385 
0.156 BSC 
0.315 | 0.335 
1,000 BSC 


0.160 | 0.170 | 

0.085 | 0.116 

0.148 | 0.168 
—_ | 0595 


1.500 BSC 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


MHW3181, MHW3182 


ELECTRICAL CHARACTERISTICS (Voc = 24 Vdc, Ta = +25°C, 75 0 system unless otherwise noted) 
. MHW3181 MHW3182 


Z Shic = Le EYER | GMiax Min Teg Max | Unk | 
Frequency Range _ | ew | 40 | — | 3x0 | ao | — | 330 | wre 


| Dower Gain — 50 MHz 3p 17.7 | 182 | 18.7 | 17.7 | 182 | 187 | dp 


Return Loss — insaeourour IRL/ORL 18 
(Zg = 75 Ohms) | 
Second Order intermodulation Distortion IMD — 68 
(Vout = +50 dBmV per ch.) 
Cross Modulation Distortion 35-Channel FLAT XMD35 —55 —58 
(Vout = +50 dBmV perch.) — 40-Channel FLAT XMDagg —54 —57 
Composite Triple Beat . 35-Channel FLAT | CTB35 ~54 =) 
(Vout = +50-dBmvV per ch.) 40-Channel FLAT CTB4o —52 —55 
Noise Figure i NF 7.0 
(f = 330-MHz) . 
DC Current =. Ipc 180 | 200 210 | 240 | mA . 
(Vpc = 24 +0. 5 Vde, Te = = 30°C) . 


MOTOROLA RF DEVICE DATA 
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MOTOROLA. 


gs SEMICONDUCTOR x 
TECHNICAL DATA 


MHW3222 


The RF Line 
— oe 22 dB GAIN 
-330 MHz. 


— 40-CHANNEL 
CATV TRUNK AMPLIFIER © 


LOW-DISTORTION WIDEBAND AMPLIFIER MODULE 


.. . designed for broadband applications requiring low-distortion 
characteristics. Specifically intended for CATV market requirements. 
Features ion-implanted arsenic emitter transistors with 6.0 GHz ff, - 
and anall gold metallization system. 


@ Broadband Power Gain — @ f = 40-330 MHz 
Gp = 22 dB (Typ) 

@® Broadband Noise Figure — @ f = 330 MHz 
NF = 5.0 dB (Typ) 


@ Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 


RF IN 
2. GROUND 
3. GROUND 
4. DELETED 
5. VDC 

6. DELETED 
7. GROUND 
8. GROUND 
9. RF OUT 


ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) dBmvV 
DC Supply Voltage Vde 
Operating Case Temperature Range °C 
Storage Temperature Range °C 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


MILLIMETERS 


CASE 714-03 . | 


- MOTOROLA RF DEVICE DATA 


MHW3222 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 


Characteristic 


[ FrequencyRenge Poe eae | sw | 4 | — | = MHz | 
MHz | 


Power Gain — 50 


pene Siope 


Gain Gain Flatness 


Second Order Intermodulation Distortion 
(Vout = +50 ar he renee mes Pee 


2U adDMV per cn. ) 
Cross Modulation Distortion 35-Channel FLAT 
(Vout = +50 dBmvV per ch.) 40-Channel FLAT —54 


Composite Triple Beat 35-Channeil FLAT CTB35 ~—57 
(Vout = +50. dBmvV per ch.) | : 40-Channel FLAT CTBao Obs. 
Noise Figure | | NF 
(f = 330 MHz) x 


DC Current. 
(Voc = 24 +0.5 Vde, Te = 30°C) 


_ MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUCTOR 


TECHNICAL DATA | oe MHW3342 | 


The RF Line 


34 dB GAIN 
330 MHz ~ 


 40-CHANNEL | 
CATV LINE EXTENDER 


330 MHz CATV AMPLIFIER MODULE | 3 
arene - AMPLIFIERS — 


-.. designed specifically for 330 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 6.0.GHz fy and anall 
gold metallization system. 


Specified for 40-Channel Performance 


Broadband Power Gain — @ f = 40-330 MHz 
Gp = 34 dB (Typ) © 


Broadband Noise Figure — @ f = 330 MHz 
NF = 4.5 dB (Typ) 


Superior Gain, Return Loss and DC Current Stability with 
Temperature 


All Gold Metallization SYTLE 1: 
PIN 1. RF IN 


6.0 GHz lon-Implanted Transistors 


CON oarrRwpP 
< 
iw] 
oO 


ABSOLUTE MAXIMUM RATINGS NOTE: 
Rating Symbol Unit 1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) dBmV 
Operating Case Temperature Range ~20 to +100 °C 
Storage Temperature Range —40 to +100 °C 


MILLIMETERS 


INCHES 


0.156 BSC 


0315 | 0.335 


1,000 BSC__| 


0.595 
1.500 BSC _| 
0.435 | 0.450 


0.205 


CASE 714-03 


"MOTOROLA RF DEVICE DATA 


4-57 


MHW3342 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 


| Frequency Range BW 40 — -| 330 MHz | 
| Power Gain — 50 MHz 33 34 35 dB 
Slone S sO.) a0 +20 | aB | 
Gain Flatness | : i. oe, +02 | +05 | dB | 
Return Loss — Input/Output 40-450 MHz 
(Zo = 75 Ohms) 


Second Order Intermodulation Distortion IMD ak 

(Vout = +50 dBmV per ch.) os 
Cross WModuiation Distortion — .  35-Channei FLAT XMD35 
(Vout = +50 dBmV per ch.) 40-Channel FLAT XMD,o0 


Composite Triple Beat _ 35-Channel FLAT 


(Vout = +50 dBmV per ch.) 40-Channel FLAT 


Noise Figure NF 
(f = 330 MHz) | 


DC Current: 


(Voc = 24 +0.5. 


Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m= SEMICONDUCTOR & 
TECHNICAL DATA _ MHW4524F © 


The RF Line 


24 dB GAIN 

450 MHz 
S O/CHANNEL. oo 
_ CATV FEEDFORWARD AMPLIFIER 
| 450 MHz CATV HYBRID AMPLIFIER a ng 


@ Fully Integrated Feedforward Amplifier 

@ Specifically Designed To Provide Improved Performance in 
450 MHz CATV Applications mo . 
Distortion Components Reduced More Than 20 aB from 
Conventional CATV Hybrid Amplifiers 


Specified For 60-Channel Performance 


@ Fourth Generation CATV Transistor Technology with All Gold 
Metallization and 7.0 GHz fr 


Hybrid Thin-Film Technology Used Throughout For Optimum 
Performance and High Reliability 


STYLE 2: 
PIN 1. B+ 
2. GROUND 
J 3, REIN 

4, GROUND 

5. LOOP 

6. LOOP 

7. GROUND 

8. RF OUT : / 
9. GROUND 
10. B + 


TOP VIEW 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONS A AND B ARE DATUMS AND TIS A 


i | Symbol | Value | Unit DATUM SURFACE. 
ans Symbol Value 2. POSITIONAL TOLERANCE FOR LEADS: H AND J 


RF Voltage Input (Single Tone) - . 
DC Supply Voltage Vdc MEASURED AT SEATING PLANE. 


; 5 3, POSITIONAL TOLERANCE FOR S MINOR DIAMETERS: 
Operating Case Temperature Range —20 to +90 C 0.25 (0.010) 


Storage Temperature Range ~40 to +90 °C | 4, DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 


5, CONTROLLING DIMENSION: INCH 


0.440 | 0.45 
oat Taso 
| 1345BSC__| 
0.008 


= 0,300 


6:32 UNC-28 


CASE 774-01 


MOTOROLA RF -DEVICE DATA 


4-59 


MHW4524F 


NOTE: All electrical specifications listed below are design targets and 
subject to change. 


ELECTRICAL CHARACTERISTICS (Vcr = 24 Vdc, Te = +35°C, 75 0 sy 


te) 
mm 
3 
on 
= 
ia) 
(4p) 
its) 
© 
ome 
_ 
cD 
“4 
2 
Pe 
(D 
a 
i?) 
pep 
tp 
ion 


Characteristic 


aay 
oS 


BW 


| Frequency Range 
Power Gain — 50 MHz 
Slope . 


Gain Flatness 


Return Loss — Input/Output IRL/ORL 


— 
(oe) 


Second Order Distortion IMD. 
(Vout = +50 dBmV) 


Cross Modulation Distortion —. 60-Channel FLAT 


(Vout = +46 dBmV) 


Composite Triple Beat (60 Channel FLAT) @ + 35°C 
(Vout = +46 dBmvV) —20°C to +90°C 7 
: 


Noise Figure = cos 
(f= 450MHz) 

DC Current ae 
(Vpc = 24 £0.5 Vde, Tc = 30°C) 


w] 
ro) 


FIGURE 1 — MHW4524F FEEDFORWARD AMPLIFIER BLOCK DIAGRAM 


Main Loop 
Delay Line 


Error Loop 
Delay Line 


‘MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUC?QR x 


TECHNICAL DATA 7 a a -MHW5122A 


The RF Line. | | 
| | 7 ; | _— 12.5 dB GAIN 


450MHz © 


. 60-CHANNEL 
CATV TRUNK AMPLIFIERS 


450 MHz CATV AMPLIFIER MODULE 


_... designed for broadband applications requiring low distortion 
characteristics. Specified for use as a CATV trunk-line amplifier. | 
Features ion-implanted arsenic emitter transistors with 7.0 GHz 
fy, and all an gold metallization system. 


® Specified for 53- and 60-Channel Performance 


e@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 12.5 dB (Typ) 


Broadband Noise Figure — @ f = 450 MHz 
NF = 8.0 dB (Typ). . 


Superior Gain, Return Loss and QC Current Stability with 
Temperature 


All Gold Metallization | 
7.0: GHz lon-implanted Transistors 


ABSOLUTE MAXIMUM RATINGS . NOTE: | 
F i 1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DiA OF 

Rating Symbol Unit TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 

RF Voltage Input (Single Tone) 

MILLIMETERS _INCHES 

DC Supply Voltage Vde Lom, [MIN 

Operating Case Temperature Range —20 to +100 °C Yo ae 

Storage Temperature Range —40 to +100 °C 


miOio|w 
— NH iho 
Co | icn |e 
BRO 1 [cD [™I [Ro 


ho I~ 
= |m 
> = 


wn 
CQ 


© go 


> 
NR 


2.92 | 0.085 ; 
0.148 


a 
| < 


38.10 
11.05 


ck 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


MHW5122A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 


Characteristic 


| F Frequency Ranae 
-_ 


7 RAR SF 


Power Gain — 50 MHz 


Siope 
ae 


Gain Fiatness 


: ci 


Return Loss — Input/Output - 40-450 MHz 


(Zg = 75 Ohms) 


Second Order Intermodulation Distortion 
| (Vout = +46 dBmV per ch., Ch 2, M6, M715) — — —~74 
(Vout = +46 GBmV per ch., Ch2, M713, M22 72 
Cross Modulation Distortion 53-Channel FLAT XMDs3 63 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMDg0 —63 —61 
Composite Triple Beat oe _ 53-Channel FLAT CTBs53 
(Vout = +46 dBmvV per ch.) _ 60-Channel FLAT CTBgo — 


DIN (European Applications Only)* 
300 MHz — (CHV + OQ — P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 - — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 


DC Current 
(Vpc = 24 +0.5 Vdc, Tc = = 30°C) 
*DIN (European Applications Only) 


NCTA Channel . Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmVv)** | dB Relative to Ref. Ch. 


M14 (Ref.) 
M15 _ 


M21 (Ref.) 
M22 
M23 
**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA:RF DEVICE DATA 
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MOTOROLA — ¥ 
= SEMICONDUCRQR aE 
TECHNICAL DATA 


MHW5141A 


MHW5142A 


The RF Line | 
| 14dBGAIN | 

450 MHz 

~ 60-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS = 


450 MHz CATV AMPLIFIER MODULE — | 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an 
all gold metallization system. fe Exe ee 


@ Specified for 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 14 dB (Typ) @ 50 MHz . 
14.5 dB (Min) @ 450 MHz 
® Broadband Noise Figure @ 450 MHz 

NF = 7.0 dB (Max) MHW5141A 
8.0 dB (max) MHW5142A 


e Superior Gain, Return Loss and DC Current Stability 
with Temperature ae 


@ All Gold Metallization 
@ 7.0 GHz lon-Ilmplanted Transistors 


. RFIN 

2. GROUND 
. GROUND 
. DELETED 
. VDC 

. DELETED 
. GROUND 
. GROUND 
. RF OUT -. 


ABSOLUTE MAXIMUM RATINGS oa 


Rating Symbol Unit 1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) ae oe dBmvV . 


Vin 
DC Supply Voltage Vde | MILLIMETERS INCHES _ 
Te 


DIM | MIN | MAX | MIN | MAX 


Operating Case Temperature Range ate. = || —20 to +100 °C A = a =e 1.775 
Storage Temperature Range —40 to +100 Bo 2057 | 2134 | 0810 | 0.840 


0.018 | 0.022 
0.510 
0.325 
0.105 

0.380 | 0.385 
0.156 BSC 


8.00 8.50 | 0315 | 0.335 
25.40 BSC 1,000 BSC 


‘06 | 432 | 0. 170_| 
i eee 


38.10 BSC 
11.05 | 11.43 


| CASE 714-03 


MOTOROLA RF DEVICE DATA 


a ~~ 


) 


MHW5141A, MHW5142A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +35°C, 75 © system unless otherwise noted) 


Characteristic . | Sy 
| Frequency Range BW 40 — 450 40 — 450 MHz 


= 
is 
ou 
mond 
Ww 
cn 
ol 
ah 
ab 
fs 
wn 
om 
i) 


—_ 

oO 
fe 
Ee ea 
l}ole 
NO e 

C 
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Power Gain — 450 MHz 


oO 


' 
I+ 
oO 
4 
[o) 
BO 


Slope 


a] 
i 
{ 
i 
i 
Q|Q 
i) 
—_ 
ms 
Nila 
poy 
rs 
Nia 


Return Loss — Input/Output 40-450 MHz IRL/ORL 18 — — 18 — dB 


| (Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 53-Channel FLAT 
60-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 53-Channel FLAT 
“ee 3 60-Channel FLAT 


i | 
“IN 
> ies 


DIN (European Applications Only)* dBuVv** 


300 MHz — (CHV + OQ — P@W) 127 
400 MHz — (CH M8 + M15 — M9 @ M14) 126. 
450 MHz — (CH M20 + M23 — M22 @ M21) 125 


Noise Figure NF |. 
(f = 450 MHz). 
IDC 


DC Current 


a, 
ro) 
| yl 


(Vpc = 24 +0.5 Vde, Te = 30°C) 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level! 
Designation (MHz) (dBmv)** dB Reiative to Ref. Ch. 
MHW5181A MHW5182A 


+59 +61 
+59 +61 
+65 +67 
+65 +67 


+58 +60 

+58 +60 

M14 (Ref.) +64 +66 

M15 +64 +66 

a +63 +65 

M21 (Ref.) +63 +65 

M22 +57 +59 
M23 457 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA. RF DEVICE DATA 


4-64 


MOTOROLA | 
#8 SEMICONDUCTOR sau 


TECHNICAL DATA oe -  MHW5162A 


| | The RF Line | 


16.4 dB GAIN - 
450 MHz 
60-CHANNEL 


| CATV TRUNK AMPLIFIERS 
450 MHz CATV AMPLIFIER MODULE . _ 


. designed for broadband applications requiring low- 
distortion characteristics. Specified for use as a CATV trunk-line 
amplifier. Features ion-implanted arsenic emitter transistors 
with 7.0 GHz ft and an all gold metallization system. 


® Specified for 53- and 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 16.4 dB (Typ) 


Broadband Noise Figure — @ f = 450 MHz 
NF = 8.0 dB (Typ) | 


Superior Gain, Return Loss and DC Current Stability with 
Temperature 


All Gold Metallization 


7.0 GHz lon-implanted Transistors 
SYTLE 1: 

PIN 1, RFIN 
GROUND 
GROUND 
DELETED 

voc 
DELETED 
GROUND 
GROUND 
RF OUT 


CON aoOPwWh 


ABSOLUTE MAXIMUM RATINGS | 
Rating Symbol Unit 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 

TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 

RF Voltage Input (Single Tone) Vin | +70 | dBmV 
MILLIMETERS INCHES 

DC Supply Voltage | vec | +28 Vde MIN [| MAX | MIN | MAX 

Operating Case Temperature Range | Te —20 to +100 °C 7 a8 | 1080 es 

Storage Temperature Range —40 to +100 Cc 34 | 0810 | 0.840 


2 
= 


0.018 | 0.022 
0.465 | 0.510 
0300 | 0.325 
0.095 | 0.105 
0380 | 0.385 
0.156 BSC 
0315 | 0.335 
1,000 BSC 
0.160 | 0.170 
0.085 | 0.115 
0.148 | 0.168 


— | 0595 
1.500 BSC 
0.435 | 0.450 
0.195. | 0.205 


CASE 714-03 


T 


r 


Rie (la l|wnim!olo la lp 


| 


MOTOROLA RF DEVICE DATA 


4-65 


MHW5162A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 2 system unless otherwise noted) 


Symbol Typ 
Frequency Range | 


Power Gain — 50 MHz 


Second Order intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CHV + Q — P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21). 


Noise Figure oe 
(f = 450 MHz). 

DC Current ee 

(Vpc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) 


. NCTA Channel — Frequency DIN Output Level 
. Designation - . _ (MHz) (dBmvV)** 


DIN Beat Level 
dB Relative to Ref. Ch. 


<O 7 


W (Ref) 


Ms 
Mg 
M14 (Ref.) 
M15 


M20 
M21 (Ref.) 
M22 
~ M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


4-66 


MOTOROLA OO ne 
m= SEMICONDUCPOR 
TECHNICAL DATA | 


- MHW5171A 


MHW5172A 


The RF Line | Oo 

a 17 dB GAIN | 
450 MHz 

| 60-CHANNEL 

| | _. CATV INPUT/OUTPUT 

450 MHz CATV AMPLIFIER MODULE =—s—i(‘aiaisisi‘im| id]; RUNK AMPLIFIERS 


... designed specifically for 450 MHz CATV applications. Features | 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an_ 
all gold metallization system. _ 


@ Specified for 53- and 60-Channel Performance . | 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 17.4 dB (Typ) 


@ Broadband Noise Figure 
NF = 7.0 dB (Max) MHW5171A 
8.0 dB (Max) MHW5172A 


° Superior Gain, Return Loss and DC Current Stability with 
Temperature . 


@ All Gold Metallization 
@ 7.0 GHz lon-lmplanted Transistors 


RF IN 
. GROUND 
. GROUND 
. DELETED 
-§, VDC 
. DELETED 


. GROUND 


8. GROUND 
. RF OUT 


ABSOLUTE MAXIMUM RATINGS 


Unit 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


RF Voltage Input (Single Tone) dBmV 

DC Supply Voltage Vde INCHES __| 
Operating Case Temperature Range °C 

Storage Temperature Range °C 


3.96 BSC 


8.00 | 850 


25.40 BSC 


1.500 BSC. 
0.435 | 0.450. 
0.195 | 0.205 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


A.R7 


MHW5171A, MHW5172A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 


MHW5171A MHW5172A 
Symbol 


le Characteristic . Min Typ | Max | Min | Typ | Max | 
| Frequency Range 40 — | 450 | 40 — 450 | MHz 
7.4 | 179 | | 47. 7. dB 


rT 
| Pawer Gain — 50 MHz 


| Slope 


[GainflameosSSSC~C~“‘*‘“*S*S*S*S*S*~*~*~Cé‘SC*SC CP 20s | wo | — | won| 202 | aw | 


Return Loss — Input/Output 40-450 MHz IRL/ORL 18 ia eee 18 paar oe | 
(Zg = 75 Ohms) 

Second Order Intermodulation Distortion dB 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) me faye ~72 | — — —74 | 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) —72 = _ —74 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT | 
Composite Triple Beat 53-Channel FLAT 
(Vout = +46 dBmV per ch.) -60-Channel FLAT 
DIN (European Applications Only)* . 
300 MHz — (CHV + OQ —- P@W) 

400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 +. M23 — M22 @ M21) 


Noise Figure (f = 450 MHz) _ 


DC Current aa . IDc 300 
(Vpc = 24 +0.5 Vdc, Tce = 30°C) ; ; | 


*DIN (European Applications Only) | 


NCTA Channel Frequency DIN Output Level DIN Beat Level 7 
Designation (MHz) (dBmvV)** dB Relative to Ref. Ch. 


MHW5171A MHW5172A 


M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


"MOTOROLA RF DEVICE DATA 


4-68 


MOTOROLA | | 
= SEMICONDUCTOR xy 
TECHNICAL DATA 


MHW5181A 


MHW5182A 


The RF Line | 


18 dB GAIN 

450 MHz 
60-CHANNEL 
CATV INPUT/OUTPUT | 


450 MHz CATV AMPLIFIER MODULE - TRUNK AM PLIFIERS 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz f7 and an. 
all gold metallization system. : Oe 
@ Specified for 53- and 60-Channel Performance 
® Broadband Power Gain — @ f = 40-450 MHz 
| Gp = 18.2 dB (Typ) @ 50 MHz 
19.0 dB (Typ) @ 450 MHz | 


Broadband Noise Figure 
NF = 6.0 dB (Max) MHW5181A 
7.0 dB (Max) MHW5182A 
Superior Gain, Return Loss and DC Current Stability with 
Temperature - 
All Gold Metallization 


7.0 GHz lon-Implanted Transistors © 


1, REIN 

. GROUND 
. GROUND 
. DELETED 
. VDC 

. DELETED. 
. GROUND 
. GROUND 
_ RE OUT 


6-32 UNC 2B 


ABSOLUTE MAXIMUM RATINGS 7 | . . NOTE: : 
Rating Symbol Unit 1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) dBmvV 
DC Supply Voltage Vde 
Operating Case Temperature Range —20 to +100 °C 


Storage Temperature Range —40 to +100 °C 


0.510 
0.325 


0.156 BSC 


0.315 | 0.335 


1.000 BSC 
432 | 0.160_| 
2.92 | 0.085 
Lo | 376 | 427 | 019 
[_R 1511 | — | 0596 | 
S 
T [11.05 
u | 495 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


MHW5181A, MHW5182A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 O system unless otherwise noted) 
MHW5181A MHW5182A 


‘Chavactecistic 


Frequency Range 
| Power Gain — 50 MHz | 17.8 | 182 | 186 | 178 | 182 | 18.6 


Power Gain — 450 MHz } : al 18.5 | 19 18.5 ee er 
Slope | 0.3 15 | 03 8s 


rr arte 


Return Loss — Input/Output 40-450 MHz eee | dB | 
(Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 


- 80 —80 |. 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) Mer 72. au i 
Cross Modulation Distortion ~ 53-Channel FLAT XMDs53 ' —62 

(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD¢60 -— 61. 

400 MHz — (CH'M8 + M15 — M9 @ M14) 

*DiN (puropean Applications Gniy) 


Composite Triple Beat 53-Channel FLAT ra —59 —64 | —63 
ra = 57 -62 | —61 
450 MHz — (CH M20 + M23 — M22 @ M21) 
NCTA Channel Frequency DIN Output Level DIN Beat Level 
eseanetion (MHz) a a dB Relative to Ref. Ch. 


(Vout = +46 dBmV per ch.) 60-Channel FLAT 
|dBuv** 
DIN1 eee 126, 
DIN2 126 
rae as 
Noise Figure (f = 450 MHz) 


DIN (European Applications Only)* 
DC Current . = 
(Voc = 24 +0.5 Vdc, Tce = 30°C) 


300 MHz — (CH VV + Q. —- P @ W) 


| MHW5181A 
_?P 253.25 +58 + _—_MHWeIe28 . 
Q 259.25 +58 +60 
= ~60 
V 289.25 | +64 +66 
W (Ref.) 295.25 +64 +66 


Ms . | +58 
Mg +58 
M14 (Ref.) | 25, +64 
M15 ; +64 


M20 
M21 (Ref.) 
22 
M23 . 
**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


4-70 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


TheRFline eee MHW5185 
High Output Doubler 450/550 | MHW6185 
MHz CATV Amplifier Modules ‘oe ee 


.. designed specifically for 450/550 MHz CATV doplieations: Features ion-implanted 
arsenic emitter transistors with 6 to 8 GHz fT and an all gold metallization system. at 18 dB GAIN 


® 4th Generation Die Technology 450/550 MHz 
® Specified for 60/77-Channel Performance e* | 60/77-CHANNEL 
® Broadband Power Gain — @ f = 40-550 MHz — . ~ CATV AMPLIFIERS 
Gp = 18.5 dB (Typ) @ 50 MHz . = 

19.0 dB (Typ) @ 450 MHz 

19.5 dB (Typ) @ 550 MHz 
Broadband Noise Figure © 

NF = 5 dB (Typ) — MHW5185 

| = 6 dB (Typ) — MHW6185 . 
Improvement in Distortion Over Conventional Hybrids 
Allows Higher Output Level Operation 


ABSOLUTE MAXIMUM RATINGS 


“Conia [vane [oa] 
CaF Vags hat ingle Tod | vin] 0 | ar 
2 


ELECTRICAL CHARACTERISTICS Wee = = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 


-_ 


Frequency Range MHW5185 
. MHW6185 


Power Gain 50 MHz 
450 MHz 
550 MHz 


CASE 714-03 


Slope ~ 
Gain Flatness 
Return. Loss — inputOutput (Zg9 = 75 Ohms) = 40-550 MHz IRL/ORL 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) MHW5185 
(Vout = +46 dBmV per ch., Ch 2, M30, M39). MHW6185 


Cross Modulation Distortion . : - 
(Vout = +46 dBmV per ch.) ~ .. 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat Bs and pul : 
(Vout = +46 dBmV per ch.) __ 60-Channel FLAT 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT 


DIN (European Applications Only)* MHW5185 
300 MHz — (CHV + Q - P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 


DC Current (Vpc = 24 +0.5 Vdc, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


MHW5185, MHW6185 


*DIN (European Applications Only) 


DIN Output Level 


NCTA Channel . Frequency (dBmv)** DIN Beat Level 
_ Designation. © (iViHz) IMHW5185 dB Relative to Ref. Ch. 
| P | 253.25 +63 | 


M14 (Ref.) 


M15 
M20. 
M21 (Ref.) 

“M22 
M23 


aaa 
NI 


| 
for) 


CTB, COMPOSITE TRIPLE BEAT (dB) 


SASREENNERE? 


| CTB, COMPOSITE TRIPLE BEAT (dB) 


44 46 ar as 
Pout, OUTPUT POWER (dBmV) Pout, OUTPUT POWER (dBm) - 


Figure 1. CTB versus Output Power Figure 2. CTB versus Output Power 


eg 0 SO a a 
a ae Vec = 24V aie a 60 
= {| Po = 46 dBmvV. = 
x = 
2 | | a 
ae al z 
= a. 
at B70 
= | 2 
s 1 S 
a es 
= - 
— 80 | 
: | | es ee ae a a (a ee 
—0 100 200 300 400 500 ~ 600 100 200 300 400 ~—*500 600 
f, FREQUENCY (MHz) . f, FREQUENCY (MHz) - —_ 
Figure 3. CTB versus Frequency/Channels Figure 4. CTB versus Frequency/Output Power - 


MOTOROLA RF DEVICE DATA 


4-72 


MHW5185, MHW6185 
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Figure 7. CTB versus Frequency/Tilt Figure 8. CTB versus Frequency/Tilt 


Table 1. Functional Performance versus Temperature* 


*Data in Table 1 is the average value of several parts and is only intended to show typical trends in performance as a function of temperature. | 
Absolute values of specific parameters will comply with limits specified under ‘ELECTRICAL CHARACTERISTICS.” 


OUTLINE DIMENSION 


MILLIMETERS INCHES 
om {MIN | MAX | MIN | MAX 
= — | 475 
SYTLE 1: 76.47 | 2692 | 1.040 | 1.060 
PIN 1. RF IN | 
2, GROUND 
3, GROUND 
4, DELETED 
5, VOC 
6, DELETED 
7, GROUND 
8. GROUND 
i 9, RE OUT 
y 
K T NOTE: 
r 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
od Leet TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


A_7R2 


MOTOROLA | 
a SEMICONDUCTOR m= 
TECHNICAL DATA 


 MHW5222A 


22 dB GAIN 


450 MHz 


60-CHANNEL 
CATY TRUNK AMPLIFIER | 


... designed for broadband applications requiring low distortion 
characteristics. Specifically intended for CATV market require- 
ments. Features ion-implanted arsenic emitter transistors with 7.0 
GHz fT, and all an gold metallization system. 
® Broadband Power Gain — @ f = 40-450 MHz 
Gp = 22 dB (Typ) | 
@ Broadband Noise Figure — @ f = 450 MHz 
NF = 6.5 dB (Typ). . Seo 
® Superior Gain, Return Loss and DC Current Stability with 
-Temperature / 
@ All Gold Metallization 


® 7.0 GHz lon-Ilmplanted Transistors 


RF IN 
GROUND 
GROUND 
DELETED 
voc 

DELETED 
GROUND 
GROUND 
RF OUT 


450 MHz CATV AMPLIFIER MODULE 


ABSOLUTE MAXIMUM RATINGS j NOTE: 


1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 


RF Voltage Input (Single Tone) 
DC Supply Voltage 
Operating Case Temperature Range 


Storage Temperature Range 


4-74 


TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


~ MOTOROLA RF DEVICE DATA 
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CASE 714-03 


MHW5222A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 © system unless otherwise noted) 


Characteristic SS *CSymbot | Min a 
mma Se | | 
Gp 
St 


[powerGain—sowie ——=SC~“t*‘“‘*“‘“‘*S*S*dCSCSS:SC‘“(;C «|e 

a PT 

Return Loss — Input/Output 40-450 MHz 
(Z9 = 75 Ohms) . 


Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 


(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT - 
(Vout = +46 dBmvV per ch.) 60-Channel. FLAT» 


DIN (European Applications Only)* 
300 MHz — (CHV + Q - P@W) 

400 MHz — (CH M8 +. M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21): 


Noise Figure ib 
(f= 450MHz) 

DC Current #5 
(Vpc = 24 £0.5 Vde, Te = 30°C) 


*DIN (European Applications Only) . . Ps : oe 
NCTA Channel | Frequency DIN Output Level DIN Beat Level | 
Designation (MHz) | (dBmvV)** dB Relative to Ref. Ch. 
P 


<~60 


M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


~ MOTOROLA RF DEVICE DATA 


4-75 


MOTOROLA 
ss SEMICONDUCTOR mum 


The RF Line 
27 dB GAIN - 
450 MHz 
60-CHANNEL 
CATV LINE EXTENDER 


| | | | : 
450 MHz CATV AMPLIFIER MODULE AMPLIFIERS 


... designed specifically for 450 MHz CATV applications. Features” .. 
ion-implanted arsenic emitter transistors with 7.0 GHz fy and an 
all gold metallization system. : 


® Specified for 53- and 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 27 GB (Typ) 


® Broadband Noise Figure 
NF = 5.0 dB (Typ) 


® Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 
@ 7.0 GHz lon-lmplanted Transistors 


PIN 1. RF IN 

GROUND 
GROUND 
DELETED 
voc 
DELETED 
GROUND 
GROUND 
RF OUT 


are 


vu 
Sel al” ae 


[a 


6-32 UNC 2B 


ABSOLUTE MAXIMUM RATINGS ae ) 

Kasiig vii pl Fons AML TERM CODTON 
RF Voltage Input (Single Tone) 
DC Supply Voltage Vdc eT a ie wa 
Operating Case Temperature Range 6 08 | 
Storage Temperature Range °C 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


4-76 


MHW5272A 


ELECTRICAL CHARACTERISTICS Voc = = 24 Vdc, Ta = +25°C, 75 O system unless otherwise noted) 


Gain Flatness. 

Return Loss — Input/Output 
(Zo = 75 Ohms) 

Second Order Intermodulation Distortion 
(Vout = +48 dBmvV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) - 


Cross Modulation Distortion _ §3-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Composite Triple Beat . 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CH V. +Q-P@wW) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 ~- M22 @ M21) 


Noise Figure 
-(f = 450 MHz) 


DC Current a 
(Vpc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) 


NCTA Channel ‘Frequency DIN Output Level | DIN Beat Level 
Designation (MHz) (dBmV)** dB Relative to Ref. Ch. 


P +60 
Q +60 
“Vv ’ +66 
W (Ref.) +66 


M8 

Mg 

M14 (Ref.) -~ 
M15 


M20 
M21 (Ref.) - 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) +. 60 dB 


MOTOROLA RF DEVICE DATA 


A.~77 


MOTOROLA 
| SEMICONDUCTOR see 
TECHNICAL DATA 


Pascaace specifically for 450 MHz CATV applications. Fea- 
tures ion-implanted arsenic emitter transistors with 7.0 GHz fT 
and an all gold metallization system. | 
® Specified for 53- and 60- Channel Performance 
® Broadband Power Gain — @f = a0 450 MHz 
Gp = 33 dB (Typ) 

Broadband Noise Figure 
NF = 5.0 dB (Typ) 

Superior Gain, Return Loss and DC Current StaDiNey with 
Temperature 

All Gold Metallization 


7.0 GHz lon-Implanted Transistors 


® 6 


| 450 MHz CATV AMPLIFIER MODULE 


ABSOLUTE MAXIMUM RATINGS 


ee 
iecaesnene aianses, 5 ta dail al 


MOTOROLA RF DEVICE DATA 


4-78 


-MHW5332A 


33dBGAIN 
— 450 MHz 
60-CHANNEL 
CATV LINE EXTENDER 


AMPLIFIERS 


SYTLE 1: 
PIN 1. RF IN 
GROUND 
GROUND 
DELETED 

VDC 

DELETED 
GROUND 
GROUND 
RF OUT 


OONIDPMswHn 


oe 


6-32 UNC 2B 


1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


MILLIMETERS INCHES 
pim_ | MIN | MAX | MIN | MAX 
A =} -aboe [| 7s 
B | 2642 | 2692 | 1.040 | 1.060 
c | 20.57 | 21.34 | 0.810 | 0.840 
D 0.46 | 0.56 | 0.018 | 0.022 

| € | wet | 1295 0.510 
F 7.62 | 8.25 
G 241 | 2.67 


| 


9.65 0.380 | 0.385 


H 

J 3,96 BSC 0.156 BSC 
K 8.00 8.50 | 0.315 | 0.335 
L 25.40 BSC 1.000 BSC 


| N | 406 | 4,32 
P 2.16 | 2.92 
Q | 376 | 427 
R — | 15.11 
S 38.10 BSC 
T | 11.05 | 11.43 
U 495 | 5.21 


CASE 714-03 


MHW5332A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +25°C, 75 Q system unless otherwise noted) 


Return Loss — Input/Output 
(Z9 = 75 Ohms) _ 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV, Ch 2, M6, M15) 
(Vout = +46 dBmV, Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV) | 60-Channel FLAT 


Composite Triple Beat cee 53-Channel FLAT 
(Vout = +46 dBmvV) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CH Vit -P@W) 
400 MHz — (CH Ms + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 


DC Current _ . 
(Voc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) . 


NCTA Channel = —s_© Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmvV)** dB Relative to Ref. Ch. 


M14 (Ref.) 
M15 


M21. (Ref.) 
. M22 


; M23 
**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


A_7OQ 


MOTOROLA 
ae SEMICONDUCTOR 
TECHNICAL DATA 


MHW5342A 


450 MHz 
60-CHANNEL 


| 
34 dB GAIN 


| | CATV LINE EXTENDER 
AMPLIFIERS 
450 MHz CATV AMPLIFIER MODULE i 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz ft and an 
all gold metallization system. 
@ Specified for 53- and 60-Channel Performance 
® Broadband Power Gain — @ f = 40-450 MHz 
Gp = 34 dB (Typ) 
® Broadband Noise Figure 
_ NEF = 5.0 dB (Typ) 
Superior Gain, Return Loss and DC Current Stability with 
Temperature a 
All Gold Metallization 


7.0 GHz lon-Implanted Transistors 


PIN 1. RF IN 

GROUND 
GROUND 
DELETED 
VDC 

DELETED 
GROUND 
GROUND 
RF OUT 


OCHONOTPwnr 


ABSOLUTE MAXIMUM RATINGS 


Rating Symbol Value 
RF Voltage Input (Single Tone) 


DC Supply Voltage 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


5.08 = 
6.92 | 1.040 


Operating Case Temperature Range aT 


Storage Temperature Range 


3.96 BSC 


8.50 


25.40 BSC 


MOTOROLA RF DEVICE DATA 


4-80 


MHW5342A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 1 system unless otherwise noted) 
Characteristic 

Frequency Range. 

Power Gain — 50. MHz 

Slope 

Gain Flatness 


Return Loss — Input/Output 40-450 MHz 
(Z9 = 75 Ohms) : 


Second Order Intermodulation Distortion 
(Vout = +48: dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 

Cross Modulation Distortion * . 63-Channel FLAT 
(Vout = +46 dBmvV per ch.) oe ~  60-Channel FLAT 


Composite Triple Beat. u> Je dpil . 53- Channel. FLAT 
(Vout = +46 dBmV per ch. ) _ 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CH V + O.—- P@W) 
400 MHz — (CH M8 + M15-~ M9 @ M14) © 
450 MHz — (CH M20 + M23. — M22 @ M21) 


Noise Figure © 
(f = 450 MHz) 


DC Current 
(Voc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) 


+60 
+60 
+66 
+66 


M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 — 
**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


=i SEMICONDUCTOR 


TECHNICAL DATA 


450 MHz CATV AMPLIFIER MODULE 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fy and an ~ 
all gold metallization system. 

@ Specified for 53- and 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 


Gp = 38 GB (Typ) 


Broadband Noise Figure 
NF = 5.0 dB (Typ). 


Temperature 
All Gold Metallization 


ABSOLUTE MAXIMUM RATINGS 
Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage 

Operating Case Temperature Range 


Storage Temperature Range 


Superior Gain, Return Loss and DC Current Stability with 


MOTOROLA RF DEVICE DATA: 


4-82 


MHW5382A 


38 dB GAIN 


450 MHz 


60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIERS 


RF IN 
. GROUND 
. GROUND 
1, DELETED 
. VDC 
. DELETED 
. GROUND 
. GROUND 
. RF OUT 


123 5 789 
alll | UM 


1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


| MILLIMETERS INCHES | 


MHW5382A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 © system unless otherwise noted) 


Return Loss — Input/Output 
(29 = 75 Ohms) . : 

Second Order Intermodulation Distortion 
(Vout = +48 dBmV per ch., Ch 2, 13, R) . 
(Vout = +46 dBmV per ch., Ch:2, M6, M15). - 


Cross Modulation Distortion — 53-Channel FLAT 
(Vout =. +46 dBmvV per ch.) 60-Channel FLAT 


Composite Triple Beat - 53-Channel FLAT 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CHV + Q:— P @ W) 
400 MHz =— (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 
Noise Figure 
(f = 450 MHz) 


DC Current meee —— 
(Voc = 24 +0.5 Vde, Te = 30°C) 


*DIN (European Applications Only) 


NCTA Channel Frequency 
Designation (MHz) 


DIN Output Level DIN Beat Level 
(dBmvV)** . dB Relative to Ref. Ch. 


+59 

+59 | 
+65 en 

+65 . 


M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
ae SEMICONDUCTOR I 


TECHNICAL DATA a ; MHW6122 : 


12 dB GAIN 


550 MHz 
| 77-CHANNEL 
| | CATV iNPUT/OUTPUT 
; 550 MHz CATV AMPLIFIER MODULE ah TRUNK AMPLIFIER | 


mee 


.. designed specifically for 550 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fT and an 
all gold metallization system. ; 


® Specified for 77-Channel Performance 


@ Broadband Power Gain — @ f = 40-550 MHz 
Gp = 12.5 dB (Typ) @ 50 MHz 
13 dB (Min) @ 550 MHz 


Broadband Noise Figure @ 550 MHz 
NF = 8.5 dB (Max) MHW6122 


Superior Gain, Return Loss and DC Current Stability 
with Temperature 


All Gold Metallization 
7.0 GHz lon-Implanted Transistors 


. REIN 

. GROUND 

. GROUND 
4, DELEI CU 

. VDC 

. DELETED 

. GROUND 

. GROUND 

. RF OUT 


ABSOLUTE MAXIMUM RATINGS nae 
Rating eats : | 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
| TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) 


DC Supply Voltage ome 


Operating Case Temperature Range —20 to +100 
Storage Temperature Range -40 to +100 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


A-R4 


MHW6122 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +35°C, 75 © system unless otherwise noted) 


a 


Gain Flatness _ 


Return Loss — Input/Output 
(Zo = 75 Ohms) , 


Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion . . 
(Vout = +46 dBmV per ch.) te ES 60-Channet FLAT — 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) _ .  60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 

Noise Figure. | 

(f = 550 MHz) ©. 

DC Current 

(Voc = 24 +0.5 Vdc, Tc = 30°C) 


40-550 MHz 


“MOTOROLA RF DEVICE DATA 


A_QHR 


MOTOROLA 
m= SEMICONDUCTOR xy 
TECHNICAL DATA 


MHW6141 
MHW6142 


: 14 dB GAIN | 
| 550 MHz CATV AMPLIFIER MODULE | 550 MHz 
- designed specifically for 550 MHz CATV applications. Featu res 77-CHANNEL 
Seer transistors with 7.0 GHz fy and an CATV INPUT/OUTPUT | 


TRUNK AMPLIFIERS | 


® Specified for >77 Channel Performance 


@ Broadband Power Gain — @ f = 40- 550 MHz 
Gp = 14 dB (Typ) @ 50 MHz 
14.5 dB (Min) @ 550 MHz 


® Broadband Noise Figure 
NF = 7.5 dB (Max) MHW6141 
8.5 dB (Max) MHW6142 


@ Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 
@ 7.0 GHz lon-lmplanted Transistors 


SYTLE 1: 

PIN 1. RF IN 
2. GROUND 
3. GROUND 
4. DELETED 
§. VDC 
6. DELETED 
7, GROUND 
8, GROUND 
9. RF OUT 


ABSOLUTE MAXIMUM RATINGS 
Rating 


RF Voltage Input (Single Tone) 


DC Supply Voltage ar ae 


Operating Case Temperature Range —20 to +100 


Storage Temperature Range —40 to +100 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


Ps 
or 
Qo 
[so] 
—_ 
~~ 
=~ 
L> a) 


o 

or 
= on 
LJ} —_— s 
on L—) 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


4-86 


MHW6141, MHW6142 


ELECTRICAL CHARACT ERISTICS (Vcc = 24 Vdc, re 7 +35°C, 75 Q system unless otherwise noted) 
MHW6141 


— 
N . 


oO _= 
Bo : 


| Characteristic . Symbol 


w 
= 
oa 
oi 
o 


Frequency Range . a 
Power. Gain — 50 MHz To, 
Power Gain — 550 MHz . 


Ww 
ol 


) 
I+: 
Ned 
N 


Gain Flatness 


— 
co 


Return Loss — Input/Output 
(Z9 = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout =. +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion 
(Vout = +46 dBmvV perch.) | 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) _ 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


IRL/ORL 


—_- — 
ee ee a 
Nilo po 


O° “< 
te xo] 


40-550 MHz 


XMD60 
XMD77 


—62 


CTBgo 
CTB77 


“ 
ol 


Noise Figure eres 
(f = 550 MHz) 
DC Current - | 


af= 


ee 


Zz 


> ww 


IDc 200 210 | 240 


1 ol | 
ao o 
co © = 


(Voc = 24 +0.5 Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


A-R7 


LACS 


17 dB GAIN 
550 MHz 


77-CHANNEL 
CATY AMPLIFIERS 


we ranve 


. designed specifically for 550 MHz CATV applications. Features ion-implanted 
arsenic emitter transistors with 7 GHz fT and an all gold metallization system. 


@ Specified for 77-Channel Performance 
@ Broadband Power Gain — @ f = 40-550 MHz 

Gp = 17.2 dB (Typ) 
® Broadband Noise Figure — @ f = 550 MHz 

NF = 5.5 dB (Typ) MHW6171 

6 dB (Typ) MHW6172 

@ Superior Gain, Return Loss and DC Current Stability with Temperature 
@ All Gold Metallization 
@ 7 GHz lon-lmplanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 
DC Supply Voltage = 


Operating Case Temperature Range Tc ~20 to +100 °C 
CASE 714-03 
Storage Temperature Range —60 to +100 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 ( system unless otherwise noted) 


wie 

[| — | 0 [ie 
& [67 [72 [we | oe 
s[e [ust ns [e 
=f 20 | s02 


Characteristic 


Shashi Range 


me] 
° 
= 
oO 
= 
G) 
i 
3 
2) 
Oo 
— 
ok 
N 
[o>] 
~ 


Gain Flatness 


Return Loss — Input/Output 40-550 MHz IRL/ORL 
(Z5 = 75 Ohms) 
Second Order Intermodulation 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 
Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD60 
(Vout = +44 dBmV per ch.) 77-Channel FLAT XMD77 
CTBgo 
2 


Composite Triple Beat Noise 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Noise Figure 
400 MHz 
450 MHz 


DC Current (Vpc = 24 +0.5 Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


4-88 


MHW6171, MHW6172 


OUTLINE DIMENSIONS 


TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
MILLIMETERS 


1. MOUNTING-HOLES WITHIN 0.25 mm (0.010) DIA OF 


NOTE: 


i 


2. GROUND 
3. GROUND 
4. DELETED 
5. VDC 

6. DELETED 
7, GROUND 
8. GROUND 
9, RF OUT 


PIN 1. RFIN 


SYTLE 1: 


ised 
id 
+ 
= 
S 
Lid 
“# 
< 
oO 


MOTOROLA RF DEVICE DATA 


MOTOROLA | — 
= SEMICONDUCTOR Em 
TECHNICAL DATA. 


MHW6181 
MHW6182 


550 MHz CATV AMPLIFIER MODULE 550 MHz 
... designed specifically for 550 MHz CATV applications. Features 77-CHANNEL 
ion-implanted arsenic emitter transistors with 7.0 GHz fy and an CATV INPUT/GUTPUT 
all gold metallization system. 
TRUNK AMPLIFIERS 


®@ Specified for >77 Channel Performance 


® Broadband Power Gain — @ f = 40-550 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz 


Gp = 18.8 dB (Min) @ 550 MHz 


® Broadband Noise Figure @ 550 MHz 
NF = 7.0 dB (Max) MHW6181 
8.0 dB (Max) MHW6182 


@ Superior Gain, Return Loss and DC Current Stability with 
Temperature | | : 


@ All Gold Metallization 
® 7.0 GHz lon-Implanted Transistors 


SYTLE 1: 

PIN 1. REIN 
2. GROUND 
. GROUND 
4. DELETED 
. VOC 
. DELETED 
. GROUND 
. GROUND 
. RF OUT 


: hiss 704) 
ABSOLUTE MAXIMUM RATINGS all| | Q 
D 
G 


Rating Symbol Unit 
RF Voltage Input (Single Tone) +70 
DC Supply Voltage Vcc +28 cor 
i ee 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
Opel ening cere Vomipe ratte nanue gears 00 | TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


Storage Temperature Range —40 to +100 


yy Petes _|—_NCHES 

| MIN | MAX | MIN | 

A | — { 4508 | — | 1775 | 

| B | 2642 | 2692 | 1.040 | 1.060 | 

| c¢ [ 2057 | 21.34 | 0810 | 0. 

| D | 0.018 

Hea ee ee 

|G | 0.095 _| 

J 
| 0.315 _| 


| H | 
| J | 
| Kk 
7 
|_N | 
[P| 


| 0.160 _| 
0.085 


T 11.43 | 0.435 | 
6.21 | 0.195 | 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


4-90 — 


MHW6181, MHW6182 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vde, ee = +35°C, 15 0 syste unless oth enniae noted) 


Charactaiistis 


Power Gain — 50 MHz 18.7 
Power Gain — 550 MHz ot | | - 
Slope 


Frequency Range 7 MHz 
2 | 107 | 


Gain Flatness - 


Return Loss — Input/Output 40-550 MHz 
(Zo = 75 Ohms) _ 


Second Order Intermodulation Distortion = 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) _ 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 
Cross Modulation Distortion | 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMDg0 
~ (Vout = +44 dBmV per ch.) 77- Channel FLAT ~XMD77_ =| | 
Composite Triple Beat 
(Vout = +46 dBmV per ch.) ~ 60-Channel FLAT CTBéo0 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT a 


Noise Figure — . . 
(f = 550 ie) ited 


DC Current 
(Voc = 24 +0. 5 Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
a SEMICONDUCTOR 


TECHNICAL DATA — -_ 4 hay As  WHW6222 __ 


with Temperature 


All Gold Metallization 


7.0 GHz lon-Implanted Transistors 


i 
| 
22 dB GAIN = [ 
12 550 MHz , 
| 550 MHz CATV BMESEER MODULE | | | | 77-.CHAAINEL | [ 
Seer @ | a | CATV INPUT/OUTPUT 
... designed specifically for 550 MHz CATV applications. Features TRUNK AMPLIFIERS 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an 
all gold metallization system. . 
® Specified for 77-Channel Performance 
@ Broadband Power Gain — @f = 40-550 MHz 
Gp = 22 dB (Typ) @ 50 MHz | 
22 dB (Min) @ 550 MHz 
® Broadband Noise Figure @ 550 MHz — 
NF = 7.0 dB (Max) 
@ Superior Gain, Return Loss and DC Current Stability 


CASE 714-03 


NOTE: 
1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


MILLIMETERS 


> 
on 
oS 
co 


— RO IR 
RO [™~ j— Ojo 
& [oO |Cco onl 
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W [SO jW jj [CO [co 
CO [COO [OS [DH | 1 
So [O01 |S [ON 100 | 


= 

= s 
S 

=) 

wo 

(Fp) 

Or Ie 


RF IN 
. GROUND 
. GROUND 
. DELETED 
VDC 
DELETED 
. GROUND 
GROUND 
. RF OUT 


nN 
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co 
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co 
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w 

BR 
a\o 
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S|e\|o 

wa fo (i 

Ol |~ 

6 len 1 


=~ | — 
¢ DI ¢ 


— 
= 
w 
& (so 
— 
—) 
oO 
~ | 
=I 
> 
oe a 
oO 
33 |— 
Alen 
i) 
3S 
ow 
ize) 
oD 


ei 
| BI 
| ¢ | 
ae 
aie 
| 
|G | 
LH | 
Js | 396psc_ | 0.156 BSC _| 
fice | 
| N | 
LP. 
a 
|u| 


5.21 | 0.195 [| 0.205 


MOTOROLA RF DEVICE DATA 


4-92 


~MHW6222 


ABSOLUTE MAXIMUM RATINGS 
[Rating | Symbol [Vatu 
[RF Vokage input Single Tone) ‘| _Vin_-| 00 
[oe suppwy votage Sd ce | 
Seeman... | eee 


_ ELECTRICAL CHARACTERISTICS (Voc = 24 Vde, Te = +35°C, 75 Q system unless otherwise Aoisah 


dBmvV 


Characteristic | Symbol _| 

Peau fangs 

a 
[eS 
= 


| Return eee — Input/Output 40- 550 MHz IRL/ORL 
(Zg =. 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmvV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion | 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT 


nn 


Noise Figure 
(f = 550 MHz) 


DC Current 
(Vpc = 24 +0.5 Vdc, Te: = 30°C) 


a 


og 
ce) 


MOTOROLA RF DEVICE DATA | | 


4-93 


MOTOROLA 
mi SEMICONDUCTOR mam 
TECHNICAL DATA 


MHW6272 
77-Channel (550 Miz) CATY 


Line Extender Amplifier 


s  « 27 dB GAIN 
@ Speeuied for ea and 77- enanael Performance | | | 550 MHz 


Gp = 27 dB (Typ) 
e Broadband Noise Figure 

NF = 6 dB (Typ) @ 550 MHz 
© Superior Gain, Return Loss and DC Current Stability with Temperature 
@ All Gold Metallization 
® 7 GHz fy lon-Implanted Transistors 


CATV AMPLIFIER 


ABSOLUTE MAXIMUM RATINGS 


Rating “ime 
RF Voltage Input. (Single Tone) 


DC Supply Voltage ae 
' Operating Case Temperature Range on tes. -—20 to +100) ee 


Storage Temperature Range 


CASE 714-03 


ELECTRICAL CHARACTERISTICS Eee 24 Vdc, Ta = +25°C, 75 O system unless otherwise noted) 


a 


Sido) Range 


= a A A Dl 
. 550 MHz 27 

age ee ee 

Le aoe a ere Ae eee eee | 


Return Loss — Input/Output (Zg = 75 Ohms) 40-550 MHz IRL/ORL 


Second Order Intermodulation Distortion 


(Vout = +48 dBmvV per ch., Ch 2, 13, R) — 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


‘Cross Modulation Distortion 


(Vout = +46 dBmV per ch.) 53-Channel FLAT 


60-Channel FLAT 


70-Channel FLAT 


Vout = +44 dBmvV h. : ) 
(Vout : mV per ch.) 77-Channel FLAT 


Composite Triple Beat 


V = +46 dBmV h. 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


70-Channel FLAT 
Vice perch: 
Wout = 74 ebm pelen 77-Channel FLAT 


Noise Figure . 550 MHz | NF | 


DC Current (Vpc = 24 +0.5 Vde, Tc = 30°C)” Ipc 


{ 53-Channel FLAT 


MOTOROLA RF DEVICE DATA 


4-94 


MHW6272 


OUTLINE DIMENSIONS 


MILLIMETERS INCHES 
_ MAX. 


[At = | 
| Bl 26.42 | 26. 
eee: [2057 [7 2134 | 
SYTLE 1: [> | 046 | o. 
PIN 1. REIN 
2, GROUND | 
GROUND 


~ DELETED 


WoC , 0.156 BSC 


_ DELETED 
GROUND — 
. GROUND 

_ RF OUT 


OPMOnNMNODOA PWM 


NOTE a ae 


1, MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
TRUE POSITION AT MAXIMUM MATERIAL CONDITION, 


CASE 714-03 


MOTOROLA RF DEVICE DATA 


4-95 


MOTOROLA 
SEMICONDUCTOR mm 
TECHNICAL DATA 


The RF Lin | MHW6342 


ST eae at 
7 7-Chan 
A ceecallat 

SaVTGels 

... designed specifically for 550 MHz CATV applications. Features ion-implanted aes 
arsenic emitter transistors with 7 GHz fy and an all gold metallization system. BBO MHz 

© Specified for 77-Channel Perf 77-CHANNEL 
Eee Mm //-Cnannel Frerrormance . CATY AMPLIFIER 


® Broadband Power Gain — @ f = 40-550 MHz 
Gp = 34.5 dB (Typ) @ 50 MHz 
35 dB (Min) @ 550 MHz 
Broadband Noise Figure @ 550 MHz 
NF = 6 GB (Typ) | 
Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization — 
7 GHz lon-Implanted Transistors 


@ 8 @ 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage Vcc . ac 
Operating Case Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +35°C, 75 © system unless otherwise noted) 


SS haratoste ———S= SS ymbot_ | Mim | tp [Mex | Un 
a 
[Power Gain —~SCSC~=“‘“‘SCS*~« «dL me |e | 
[PowerGain——~SC*~*“*‘“‘S*~ =| | dC Cd 
a OD 
0 


Return Loss — Input/Output 40-550 MHz IRL/ORL 18 
(Zo = 75 Ohms) 
Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) ~68 
(Vout = +44 dBmvV per ch., Ch 2, M30, M39) —68 
Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Cross Modulation Distortion = a 
dB 
CTBgo —60 == 
(Vout = +44 dBmV per ch.) 77-Channel FLAT CTB77 —58 ~57 
aa 


(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT 

Noise Figure 550 MHz 

DC Current IDC 


(Voc = 24 +0.5 Vdc, Tc = 30°C) 


~MOTOROLA RF DEVICE DATA 
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MHW6342 


OUTLINE DIMENSIONS 


WOON AMON PE wD 


RF IN 


. GROUND 
. GROUND - 
DELETED 


VDC 
DELETED 
GROUND 
GROUND 
RF OUT 


1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 


TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 


CASE 714-03 


eae MILLIMETERS 
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MOTOROLA RF DEVICE DATA. 


m= SEMICONDUCTOR E 


MOTOROLA 
TECHNICAL DATA 


_ a. Be. & om He Ba 
iwiGliGilcaeic weicroweve 
Bane ee ae oe A oe Gs ms ae 5 
PieGratcd Circuit 


. designed for narrow or wideband IF and RF applications in industrial and commercial 
systems up to 3 GHz. 


@ 12 dB Gain at 50Q MHz (Typ) 
@ Fully Cascadabie 
@ 50 2 Input and Output Impedance 
© Choice of Package Types 
© Low Cost 
® Surface Mount 
@ Hermetic 
Available In Both Standard Profile (MWA0211) and Low Profile (MWA021 mm 
e rape and Reel rare Sptions: 


ABSOLUTE MAXIMUM ReTINS? (TA = 25°C) 


a 
—65 to +150 
—65 to +200 

Parameters 


Output Voltage — . 


THERMAL CHARACTERISTICS 


Therma! Resistance, Die to Case MWA0204 
MWA0?211,L 
MWAO270 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 
Gain (f = 500 MHz) 


Gain Flatness 
(f = 100 to 800 MHz — MWA0204/0211,L) 
(f = 100 to 1600 MHz — MWAO0270) 


Noise Figure (f = 100-1500 MHz) 
Third Order Intercept Output Power 


MOTOROLA RF DEVICE DATA 
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NMWA0204 
NMIVWAO02Z11,L 
VWA02Z70 


MONOLITHIC 
MICROWAVE 
INTEGRATED 


| CIRCUIT | 


CASE 303A-01 
- MWA0270 


Se 
CASE 317-01 
MWA0204 


2 


CASE 318B-01 
MWA0211,L 


MWA0204, MWA0211,L, MWA0270 


I! 
No 
on 
3 
> 


= 
> 
oO 
i) 


a eee ted a 
leg Tf ec= am | 
; ney Oa Sea Ea GC £9 EE ae 
Sa ee os ra ME 
3 a ee a. ae ee ee ee ee ee 
: beet sce ee 2 ee ee eee ee ee 
BERER RR EERE 
2 . 
“200 400 aa 1400 1600 i, eer are ,tpit 
f, FREQUENCY (MHz) . ¢ FREQUENCY (MHz) | 
Figure 1. Gain versus Frequency — Figure 2. Noise Figure versus Frequency ~ 


TYPICAL S-PARAMETERS — eae ee 


0. re 173 
0. eee — 147 


151 4.402 161 5 0.048 ~ 137 
142 4.300 155 8. 0.064 — 132 
134 4.218 148 : 0.079 © — 133 


127 . 4.188 141 0.126 10s 0.096 — 135 
121 4.155 : 136 0.129 12 0.113 — 136 
118 — 4,062 131, | 0.130 14 0.128 — 138 


113 3.922 . 126 0.135 15 0.140 — 139 
0.168 - 109 3.816 120 | 0.138 16 0.151 — 141 
- 0.164 ~ 105 3.727 - 114 0.144 17 0.161 ~ = 144 


0.159 103. | =3.658f-: Qi 7 
0.155 105 3.590 | 17 
0.150 105. 3.466 ; 17 


0.145 108 3.318 | 16 
0.144 111 - 3.250 16 
0.143 115 | 3.160 0. 16 


0.142 |- 120 | 3.090 80 0.167 17 0.185 
0.146 |. 123 | 3.026 76 0.170 17 0.187 
0.148 126 | . 2.920 72 0.173 Te 0.182 


MOTOROLA RF DEVICE DATA 
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iw! 
ae aa ee ae = 
ie aes i a be 
ES «| | | _MWA0204 MWAQ0Z270 - Es ; 
teow [go peeves meee P 
A wo al 
in cS ee a 
(a CT A a es 
eC 
5 se a Cea a a ae iL el 
200 600 1000 1400 1800 a? 200 - 600 1000. 1400 1800 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3. Input VSWR versus Frequency Figure 4. Output VSWR versus Frequency 


TYPICAL S-PARAMETERS — MWAO0211,L 


Zo ; 1 ‘ 

200 0.190 156 =| «4.145 166 6. 0.016 — 138 

300 | 0.195 149 4.102 161 ; 10 |: 0.024 ~ 130 

400 0.185 | 143 3.987 | 155 : 12 0.035 BAIT 

500 0.173 132 3.920 149 0. 15 0.045 —125 

| Z osu J | | 

0.179 119 3.856 142 18 0.062 —124 
0.186 116 3.816 137 0. 21 0.076 —124 
0.172 112 3.670 133 23 0.090 —123 
0.155 | 103 3.534 127.—. 25 0.097 —119 
0.156 90 -| 3.430 122 0. 26 0.104 417 
0.166 84 3.329 es, 0. 28 0.107 45 
0.166 83 . 3.256 112 30 0.114 2443 
0.158 - 80 3.160 109 | 0. 32 0.118 =113 
0.160 | 78 3.020 - 104 33 0.125 -113 | 
0.157 |. 81 2.936 100 0.181 34 0.134 ~110 
0.148 | 85 2,838 95 0.190 34 0.148 2467 
0.141 89 2.795 92 0.198 35 0.156 —105 
0.135 — 95 2.727 _. 88 0.203 36 0.170 —101 
0.116 |: 102 2.627 85 0.205 37 0.183 —97 
0.114 113 2.576 80 0.214 37 0.200 — 93 


MOTOROLA RF DEVICE DATA 
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REVERSE ISOLATION (dB) 


GRERRERRIR 
BERERREE IE 
BERERERTEE 


Pout, OUTPUT POWER (dBm) 
co mM Pp Ro oO a > [o>) [oe] fom) Ro 


| 
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ce 


f, FREQUENCY (MHz) Pin, INPUT POWER (dBm} 


Figure 5. Reverse Isolation versus Frequency Figure 6. Output Power versus Input Power 


TYPICAL S-PARAMETERS — MWA0270 


0.174 178 4.054 
0.174 179 4.130 


0.164 —179 4.083 167 0.125 
0.157 179 4.033 164 0.127 
0.158 178 4.000 158 0.129 


0.158 cal ae 4.014 153 0.129 
0.150 —171 4.065 148 0.131 
0.135 — 166 4.036 146 0.132 


0.126 — 164 3.965 141 (0.135 9 ; — 104 
0.120 — 160 3.930 136 0.136 J? —104 — 
0.114 = 157 3.898 131. 02139", 11 0.301 — 103 


0.112 =153 3.899 127 0.143 © 11 0.325 — 104 
0.112 —151 3.832 124 0.146 12 0.341 — 105 
0.115 2154 3.735 120 0.149 12 0.350 —106 


0.123 = 153 3.647 115 0.151 13 0.360 ~—107 
0.139 — 156 3.621 110 0.157 13 0.373 105 
0.156 — 158 3.602 106 0.162 © 12 0.382 ~ 106 


0.181 = 159 3.567 102 0.164 12 0.401 —105- 
0.195 — 162 3.442 97 _ 0.168 12 0.408 —105 
0.209 — 162 — 3.392 93 0.174 12 0.415 -.—102 


MOTOROLA RF DEVICE DATA 
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MWA0204, MWA0211,L, MWA0270 


Pout: 1 d3 COMP (dBm) 
Pout, OUTPUT POWER (d8m] 


7 0 ¥5 ae a 


BIAS CURRENT (mA) Pin, INPUT POWER (dBm) 


Figure 7. Output Power at 1 dB Gain Compression Figure 8. Second and Third Order Intercept 


versus Bias Current 


MMIC AMPLIFIER APPLICATIONS INFORMATION 


Rbias 
+ 
SUPPLY VOLTAGE 


RFC t : 


INOo—+ 


Chlock 


/——O OUT 


Figure 9. Typical Biasing Configuration 


Operation 

Operation of the Monolithic Microwave Integrated Cir- 
cuit as an amplifier is achieved by simply connecting it 
to 50 ohm driving source and load impedances with dc 
blocking capacitors at both input and output. 


DC Bias . 

A positive voltage must be supplied to the device out- 
put terminal. Power supply decoupling elements must 
include resistive current limiting. Device input voltage at 


the recommended operating current of 25 mA istypically - 


5 Vdc. Rpias (Figure 9) is selected to permit the device 
to draw 25 mA. For example, when operating with a 12 
Vdc supply: 


(12—5) 


Rbias = 0.025. = 280 ohms 


The nearest standard value of 270 ohms would suffice. 


External Decoupling Impedance . | 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 


the 50 © load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 

2D 


Loss = 20 Log aT 


5 + 25 


- where Zp = decoupling impedance in ohms. For exam- 


ple, if Zp = 1k, Loss = 0.214 dB. 

The RF choke is. not mandatory, but including it 
improves gain by raising the dc supply voltage decou- 
pling impedance. 4 turns of #26 AWG enameled wire 
wound on a ferrite bead is suggested for the choke. | 


Low Frequency Response 
The value of the blocking capacitors determines the 


_low frequency response of the amplifier. The following — 


expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner (f, Fc). 


1 


CBlock(Farads) = 100 wht cola) 7 fLEC(HZ) 
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OUTLINE DIMENSIONS 


NOTE: 


1. DIMENSION K APPLIES TO ALL LEADS. 
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3, OUTPUT 
4, GROUND 
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wy 


CASE 303A-01 
 MWAO0270 


NOTE: 


DIMENSION D NOT APPLICABLE IN ZONE N. | 


STYLE 3: 


PIN 1. OUTPUT 


MILLIMETERS - 


|31 5S) S] 3 
ZH 
Zlalals 


2. GROUND. 
3. INPUT 
4, GROUND 


CASE 317-01 


MWA0204 


SEATING PLANE. 


MILLIMETERS 


STYLE 4: 


PIN 1, OUTPUT 


2. GROUND 
3. GROUND 
4. INPUT 


‘Case 318A-02 


CASE 318B-01 


_-MWA0211,L 


*Low Profile 
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| 
WIDEBAND HYBRID AMPLIFIERS 


stage amplifiers designed for broadband linear applications 
Ais 


aVEd 


Low-Cost TO-39 Type Package 
Gain 14 dB Typ | 

50 Q2 Input and Output impedance 
Fully Cascadable for Any Gain 
Thin Film Construction 

Hermetic Package 


Guaranteed Performance from -25°C to +125°C 


Value 


Symbot | WATT [MWA120 | MIVATSO | 
——— 


To | << 125 ——__—$__> 


RF Input Power 


DC Supply Current 
Maximum Case Temperature 
Storage Temperature Range 


OPERATING CONDITIONS - 


Device Voltage 


Device Current 


Decoupling |mpedance 


4-104 


MWA110 
-MWA120 
MWA130 


DC-400 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


| | | 


SEATING 


STYLE 2: 


PIN 1. INPUT 
2. OUTPUT 
3. GROUND 
aie [INCHES | 
| MIN [ MAX | 
A 0.335 | 0.370 
YB. | 7.75 [8.51 | 0.305 | 0.335 | 
| € | 3.81 14.57 [0.150 | 0.180 
| D [0.41 [0.48 [0.016 [0.019 | 
| G | 508Bsc | 0.200BSC | 
| H | 0.71 [0.86 [0.028 | 0.034 | 
| Ss | 0.74 11.14 [0.029 [0.045 | 
| K [12.70 | — [0.500 | - | 
| M | 45° BSC 
| N | 0.100 B 


NOTE: 
1, LEADS WITHIN 0.36 mm (0.014) DIA 

OF TRUE POSITION AT SEATING 

PLANE AT MAXIMUM MATERIAL CONDITION. 


CASE 31A-01 


MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (7, = -25 to +125°C, 50 Q system and specified operating conditions) 


- Characteristic 


Frequency Range 


Power Gain 


Response F latness 
Input VSWR 


MWA110/120 
~ MWA130 


MWA 110/120/130 


Output VSWR 
Output @ 1 dB Gain Compression | 
of | MWA110 


_ _MWA120 
-. MWA130 
_ Noise Figure | 
—_ MWA110 
| . or ae =} MWA120 
2 : ‘ MWA130 
| | : | ~ MWA110 
MW A120 
i et MWA 130 
Harmonic Output ©. . | 
MWA110 (Pout = -9 dBm) 
MWA 120 (Poyt = 0 dBm) 
oe MWA 130 (Poy; = +10 dBm) 
FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT - FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE 
iD ae ' i | ies: . 
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FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
FIGURE 3 — POWER GAIN versus FREQUENCY a , f= 400 MHz 
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MOTOROLA RF DEVICE DATA 
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FIGURE 5 — POWER GAIN versus CASE TEMPERATURE | FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 
f = 100 MHz | f= 400 MHz 


G,, POWER GAIN dB) 
G,,, POWER GAIN (dB) 


Tc, CASE TEMPERATURE (°C) : , Tc, CASE TEMPERATURE (°C) _ 
FIGURE 7 — VSWR versus FREQUENCY : FIGURE 8 — VSWR versus FREQUENCY 
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FIGURE 9 — VSWR versus FREQUENCY 
MWA130 
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VSWR, VOLTAGE STANDING WAVE RATIO . 
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FIGURE 10 — INPUT AND OUTPUT IMPEDANCE FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA110 


Coordinates in Ohms © 


- versus FREQUENCY 
MWA120 


Coordinates in Ohms 


FIGURE. 12 — INPUT AND OUTPUT IMPEDANCE 


versus FREQUENCY 
MWA130 . 


Coordinates in Ohms — 


FIGURE 13 — 1.0 dB GAIN COMPRESSION versus FREQUENCY 
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MWA110, MWA120, MWA130 


FIGURE 14 — 1.0 dB GAIN COMPRESSION _ FIGURE 15 — 1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT versus CASE TEMPERATURE 


f= * 400.MHz * 7 oo, -f = 400 MHz 


1.0 dB GAIN COMPRESSION (dBm) 


1.0 dB GAIN COMPRESSION (18m) 
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Ip, DEVICE CURRENT (mAdc) Tc, CASE TEMPERATURE (°c) 


FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 
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FIGURE 19 — SECOND AND THIRD ORDER INTERCEPT 


FIGURE 18 — SECOND HARMONIC OUTPUT versus FREQUENCY MWA110 | 
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Pout OUTPUT POWER (dBm) 


IMD, INTERMODULATION DISTORTION (dB) 
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FIGURE 20 — SECOND AND THIRD ORDER INTERCEPT 
MWA120 
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FIGURE 22 — INTERMODULATION DISTORTION 
: versus POWER OUTPUT 
MWA110 


Two Tone Test 
f1 = 30 MHz, f2 = 30.001 MHz 


ca, 
Pout POWER OUTPUT (mi PEP) 


FIGURE 24 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA 130 
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FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT 
MWA130 
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FIGURE 23 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA120 


TOC 
LE EL 


IMD, INTERMODULATION DISTORTION (dB) 
( ' ' ! 1 4 t 


P sure POWER OUTPUT (mW PEP) 


FIGURE 25 — GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA ‘series hybrid amolifiers are designed for 
wideband general nurpase aes in 50 Q systems. 
, Operable at 


and externa! contra! ot the 
ae 


bd. 
rudy 


fu esueneve corner make the mes amplifiers extremely 
versatile gain blocks. . 


Basic Circuit Configuration | 
Figure 26 shows the basic internal circuit. It is impor- 


tant to note that the specified operating conditions of 


voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 — INTERNAL CIRCUIT 


DC Supply 
and — 
RF Output 


Amplifier Application . 

The circuit’ schematié for a simple amplifier design 
is shown in Figure 27. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance - 
(resistor/inductor) — 

DC Biacad Capacitors at the RF input and eG 


External Decoupling fnpedanes 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 


the 50 22 load impedance to minimize RF gain reduction. 


FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM 


Decoupling 


bh a Impedance (Zp) 
ource eas) 
(—-0 Load 


CBlock 


Supply Voltage 

' The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+Vecc) and iS 
determined ay the following equation: 


Vee = Rp Ms ID +Vp 


~where i and Vp are the device current and: voltages stated 


in the data sheet. For example, for MWA110, 
Ip = 10mA 
Vp =2.9V 


and, if RD = 330.2, then 


Vcc = 6.2 V 


More commonly Vcc is predetermined and Rp may be 


calculated from: 


Vcc - VD 

Sh eee ID 

If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). a 


Rp = 


_ Low Frequency Response 


The value of the blocking Capacitors determines the 


-low frequency response of the amplifier. The following 


The loss in gain due to the decoupling impedance is given | 


by the equation: 
2p 


ae a 
Zp + 25- 


"Loss = = 20 Log 


where aoe = Wdecousling: impedance in ohms. For example, 


if Zp = 1 kQ, Loss = 0.214.cB. 


expression is used to determine the blocking capacitor 
value to yield a desired > dB. low frequency corner 
(fLFC). 


1 
~ CBlock(Farads) = —~——_____ 
100 7 TLEC(H2) 
Bypass een 

The reactive impedance af the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 


MOTOROLA RF DEVICE DATA 
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FIGURE 28 — TEST FIXTURE 


Grounding Screws: 


Circuit. Board 


O a Mounted on 


. : ; Aluminum Block 
Blocking Capacitor 


(Ceramic Chip) 


~~ 50 §2 Bulkhead 
Connector 


~ Bias/Decoupling 
Impedance 


Bypass Capacitor 


+V Supply 
(Ceramic Chip) oe 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for, the 
amplifier pins. The case. of the amplifier should contact the printed circuit-board top surface to 
ensure effective RF grounding. 


Text Fixture 
The 50 Q input/output impedance levels of he MWA 


on DIELECTRIC 
hybrids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC THICKNESS 
using 50 $2 microstrip transmission lines. Figure 28 is : CONSTANT INCHES 
an example of a circuit board layout which utilizes Teflon. 0.03125 


Fiberglass 0.0625 


microstrip transmission lines in conjunction with other 
sound RF construction techniques. 

The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


Fiberglass- : ° 0.0625 
Epoxy 


dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should be 
priate line widths for 50 82 microstrip lines on commonly taken to minimize parasitic lead inductances and to 
used circuit board materials. 3 provide adequate grounding. 
FIGURE 29 — TYPICAL CASCADE 
42 L2 L2 
L1 Li L1 
+O ot} P41 Ponce 
ST yyc2 ST yy sl em (22 
= O = = OQ = = O = 
R1 R2 R3 
APU At t— (—S—<RF Output » 
iL cee OF) C1 C1 ne 
MWA #1 MWA #2 MWA #3 


The dc isolation components shown are critical. in maintaining good stability in multi- -stage designs. Keep Pin #3 (Ground) as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. i 


ATC 50 mil Case (5.0 MHz LF.) Cascade) Cascade 2 


C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for Prequeneyxiange 0.25 to 400 MHz 5.0 to 1000 MHz 
0.25 MHz L.F. Cut-Off Gain 43.5 dB 20.5 dB 
C2 — Feedthru Capacitor Centralab SFT-102, 1000 pF or Metuchen — | "Gain Flatness +1.00B +£0.75 dB 
54-794002-681M, 680 pF : Input VSWR 2.0:1 2.4:1 
C3 — 0.1 nF Sprague 3CZ5U104X0050C5 - 50 Volt 6 aon 
1 — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire utput VSWR . es a, 
L2 — Ferroxcube Shielding Bead 56-590- 65/4A - 2 Turns #26 AWG ~  Vec Supply 12 Vde © . 33 Vde 
| Supply 44 mAdc 150 mAdc 
Cascading MWA #1 ~ MWA110 MWA320 
The inherent stability of the MWA hybrid modules MWA #2 MWA110 MWA330 
makes possible the cascading of two or more units with MWA #3 MWA120 MWA330 
no oscillatory problems. Figure 29shows a typical 3 hybrid R1 1000 §2 1000 2 
cascade with measured data fo: 400 MHz and 1000 MHz R2 VOGd.2 500 $2 


hybrids R3 300 2 500 2 
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MOTOROLA 
a SEMICONDUCTOR EEE MWA210 


TECHNICAL DATA MWA220 
MWA230 


~ = ge 
DC-600 MHz WIDEBAND 


GENERAL-PURPOSE 
WIDEBAND HYBRID AMPLIFIERS HYBRID AMPLIFIERS 


... single stage amplifiers designed for broadband linear applications | | 
up to 600 MHz. . 


Low-Cost TO-39 Type Package 
Gain 10 dB Typ | . 
50 22 input and Output Impedance 
Fully Cascadable for Any Gain 
Thin Film Construction 


Hermetic Package 


Guaranteed Performance from -25 C to +100°C 


SEATING 


MAXIMUM RATINGS 


Rating 


RE Input Power 


DC Supply Current 


PIN 1. INPUT 
2. OUTPUT 
3. GROUND 


Device Current mAdc 


Device Voltage 175 Ve 
10 | 25 | 60 | 
Decoupling | mpedance | 1000 | 1000 2 


NOTE: g 

1. LEADS WITHIN 0.36 mm (0.014) DIA 

OF TRUE POSITION AT SEATING 
PLANE AT MAXIMUM MATERIAL CONDITION. 


CASE 314-01 
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Frequency Range . | aw 


Response Flatness | oF 


w [oa 
[=e 
Ff = 


Input VSWR a | + MWA210/220 5: 
iz . MWA 230 
| Output VSWR MWA210/220/230 _ 2.5:1 
Output @ 1 dB Gain Compression . dBm 
: . : MWA210 — F150 f= 
MWA220 | = +10.5 ane 
-, MWA230 . = +18.5.. — 
eee as | ama 
Noise Figure NF dB 
a, MWA210 ~ 6.0. - 
MWA220 ~ 6.5 — . 
MWA230 | ee Secs 7.5 kis 
Reverse Isolation - Pry dB 
MWA210 ~ 13.5 = 
MWA220 = 14.5 = 
[ MWA230 = | a 12.9 = : 
Harmonic Output _ dso ; dB 
MWA210 (Pout = -9.0 dBm) ~ -29 = 
MWA220 (Poyt = 0 dBm) ~ -36 = 
MWA230 (Poyt = +10 dBm) a - 36 | — 
FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE 


Vp, DEVICE VOLTAGE (Vde) 


Gy, POWER GAIN (dB) 
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FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
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FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE 


f = 600 MHz 
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FIGURE 7 — VSWR versus FREQUENCY 


FIGURE 8 — VSWR versus FREQUENCY 
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. FIGURE 9 — VSWR versus FREQUENCY 
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FIGURE 10 — INPUT AND OUTPUT IMPEDANCE versus 


Coordinates in Ohms 


FIGURE 12 — INPUT. AND OUTPUT IMPEDANCE | 
, _ versus FREQUENCY MWA230 
nit ~ -+j50- 
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FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA220 
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600 MHz 


— 1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE f 


FIGURE 15 


FIGURE 14 — 1.0 dB GAIN COMPRESSION 
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FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT 


FIGURE 20 — SECOND phn nag ORDER INTERCEPT 
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FIGURE 23 — INTERMODULATION DISTORTION versus 
- POWER OUTPUT MWA220 
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FIGURE 22 — INTERMODULATION oSmonnen versus | 
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_ FIGURE 24 — INTERMODULATION DISTORTION versus 


GROUP DELAY versus FREQUENCY | 


' FIGURE 25 


POWER OUTPUT MWA230 


Automatic Network Analyzer, 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 {2 systems. 
ruily Cascadabie for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration | 

- Figure 26 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 — ~ INTERNAL CIRCUIT 
DC Supply 
and : 
RF Output 


= Ground 


Amplifier Application 

The circuit schematic for a daa amplifier design 
is shown in Figure 27. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor . 
Decoupling Impedance 
(resistor/inductor) 
DC Biocking Capacitors at the RF input and output. 


External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50.2 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 


by the equation: 
ZD 
Loss = 20 Log ——_—— dB 
Zp +25 


where Zp = decoupling impedance in ohms. For eral: 
if Zp = 1 kQ, Loss = 0.214 dB. 


FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM 


+Vcc 
] CBypass 
1 ‘7 


Decoupling 


5 ri 
oe impedance (Zp) 
Source : 5022 
o——) — Load 
C Block CBlock 


[ 


Supply Voltage 
The value of the external decoupling resistive imped- 


ance (Rp) determines the supply voltage (+Vc¢c) and i is 
- determined by the following equation: 


Vcc =Rp x Ip+Vp 


_where Ip and Vp are the device current and voltage stated 


in the data sheet. For example, for MWA110, 


Ip = 10mA. 

VD = 2.9V_ 
and, if Rp = 330 22, then 

Vcc = 6.2 V — 


More commonly Vcc is predetermined and Rp may be 
caicuiaied from: : 
_ Vcc - Vb 
Ip 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


‘Low Frequency Response 


The value of the blocking Capacitors determines the 
low :frequency response of the amplifier. The following 
expression is used. to determine the blocking capacitor 
value to yield a cesiked 3 dB low frequency corner 


(fLFC). 


1 
CBlock(Farads) = —————-~___ 
100 7 fLFC(Hz) 
Bypass Capacitor - 

The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 — TEST FIXTURE 


Ground ing Screws 


Blocking Capacitor 
(Ceramic Chip) 


Bypass Capacitor 
(Ceramic Chip) 


Circuit Board 
Mounted on 
Aluminum Block 


50 92 Bulkhead 
“ Connector = 


~Bias/Decoupling 
“Impedance 


+Vecc Supply 


Note: The circuitry indicated is on the underside of the printed circuit, board with sockets for the | 
amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 


ensure effective RF grounding. 


Text Fixture . 

The 50 £2 input/output impedance levels of the MWA 
hybrids are most easily preserved on a Circuit board by 
using 50 Q. microstrip transmission lines. Figure 28 jis 
an example of a circuit board layout which utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. . 

The characteristic :impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table. lists. appro- 


DIELECTRIC 

THICKNESS | 
INCHES 
0.03125 
0.0625 ~~ 


“LINE | 
WIDTH 
INCHES 


MATERIAL | DIELECTRIC | 
. CONSTANT 


Teflon- 
Fiberglass 


As in all good: RF circuit designs, care should be 


priate line widths for 50 2 microstrip lines on commonly taken to minimize parasitic lead inductances and to 
used circuit board materials. | 7 provide adequate grounding. 
FIGURE 29 — TYPICAL CASCADE 
2 L2 L2 
L1 = L1 L1 
OE ee P+} +--+ O+VCC 
a f a ae is I Os 
ae C2 “Tes. Fees. a C2 
R1 R2 R3 ie 
RF Input>—S—+ (+—S—<RF Output 
: ae MT : cl C1 seer a eee. £3 
ee 5 <8 MWA #1 MWA #2 MWA #3... ae 


The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground) as short as 


possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


C1 — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor 
ATC 50 mil Case (5.0 MHz L.F.) 

C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for 
0.25 MHz L.F. Cut-Off 


C2 — Feedthru Capacitor Centralab SFT-102, 1000 pF or Metuchen 


54-794002-681M, 680 pF | 
C3 — 0.1 uF Sprague.3CZ5U104X0050C5 - 50 Volt 
L1 — Ferroxcube Shielding Bead 56-590-65//4A - Single Wire 


L2 — Ferroxcube Shielding Bead 56-590-65/4A - 2 Turns #26 AWG 


Cascading 


The inherent stability of the MWA hybrid modules 


makes possible the.cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical 3 
hybrid cascade with measured data 
1000 MHz hybrids. 


for 400 MHz and 
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5.0 to 1000 MHz 


ee Oe 


Frequency Range | 0.25 to 400 MHz 


Gain 43.5 dB 20.5 dB 
Gain Flatness — -  £1.0dB +0.75 dB 
Input VSWR 2.0:1 2.4:1 
Output VSWR 1.2:1 2.1:1 
Vcc Supply 12 Vde 33 Vde 

| Supply 44 mAdc 150 mAdc 
MWA #4 MWA110 MWA320 


MWA330 
MWA330 
1000 2 
500 2 
500 2 


MWA110 
MWA120 
1000 2 
1000 2 
300 2 


MWA #2 
MWA #3 
R1 
R2 
R3 


MOTOROLA | 
@@ SEMICONDUCTOR Ry ETE MWA310 


TECHNICAL DATA MWA320 
MWA330 


DC-1000 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


... single stage amplifiers designed for broadband linear applications 


i | | | 
| WIDEBAND HYBRID AMPLIFIERS | 
| up to 1000 MHz. 


® Low-Cost TO-39 Type Package 


@ Gain — 8.0 dB Typ MWA310/320 
— 6.2 dB Typ MWA330 


50 (2 Input and Output Impedance 
Fully Cascadable for Any Gain | 
Thin Film Construction 


Hermetic Package 


Guaranteed Performance from -25°C to +80°C 


| E 7 i | ne SEATING 


PIN 1. INPUT 
2. QUTPUT 
3. GROUND 


NOTE: ANE e . tn 2 hae 

1. LEADS WITHIN 0.36 mm (0.014) DIA 

- QF TRUE POSITIONATSEATING -. °° 

»; PLANE AT MAXIMUM.MATERIAL CONDITION. 


CASE 31A-01 ° 
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ELECTRICAL CHARACTERISTICS (Tc = -25 to +80°C, 50 9 system and specified operating conditions) 


MWA310/320 
MWA330 


Q. 
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Input VSWR 
Output VSWR 
Output @ 1 dB Gain Compression 
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Noise Figure 
MWA310 . 
MWA320 
ss MWA330 
Reverse Isolation 
MWA310 
MWA320 
MWA330 
_ Harmonic Output 
-MWA310 (Poyt = -9 dBm) 
MWA320 (Pout = 0 dBm) 
MWA330 (Pout = +10 dBm) 


FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT ‘FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE 
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FIGURE 5 — POWER GAIN versus CASE TEMPERATURE FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 
_ f= 100 MHz : | | = 1000 MHz 
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FIGURE 9 — VSWR versus FREQUENCY 
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FIGURE 11 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 12 — INPUT IMPEDANCE versus FREQUENCY 
MWA310 . - MWA320 © 
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FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 14 — INPUT IMPEDANCE versus FREQUENCY 
| MWA320_—_. | MWA330. ti. | 
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FIGURE 15 — OUTPUT IMPEDANCE versus FREQUENCY 
MWA330 
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FIGURE 17 — 1.0 dB GAIN COMPRESSION 


FIGURE 18 — 1.0 dB GAIN COMPRESSION 


versus CASE TEMPERATURE 


versus DEVICE CURRENT 


f = 1000 MHz 
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FIGURE 20 — REVERSE ISOLATION versus FREQUENCY 


FIGURE 19 — NOISE FIGURE versus FREQUENCY 
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FIGURE 22 — SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 21 — SECOND HARMONIC OUTPUT versus FREQUENCY 
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Pout: OUTPUT POWER (dBm) 


IMD, INTERMODULATION DISTORTION (dB) 


IMD, INTERMODULATION DISTORTION (dB) 
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FIGURE 25 — INTERMODULATION DISTORTION 
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FIGURE 24 — SECOND AND THIRD ORDER INTERCEPT . 
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FIGURE 26 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 
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low frequency corner make the MWA am alifen sre caely 
versatile gain blocks. 


Basic Circuit Configuration 

Figure 29 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 29 — INTERNAL CIRCUIT 


DC Supply 
and 
RF Output 


A 3 
~ Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 30. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


_ External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must. present an impedance which is large compared to 
the 50 £2 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 


———— dB 
Zp + 25 


Loss = 20 Log 


where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ, Loss = 0.214 dB. 


FIGURE 30 — AMPLIFIER SCHEMATIC DIAGRAM 


Decoupling 


5 
& a Impedance (Zp) 
ourc a ere 
o——) ¢+—o Load 
Cc is 
“Block Block 


Supply Voltage . 
The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+Vcc) and is 


_. determined by the following equation: 


Vcc = Rp x ID + Vp 
where Ip and Vp are the device current and voltage stated 
in the data sheet. For example, for MWA1 10, 


Ip =10mA 

Vp =2.9V 
and, if Rp = 330Q, then 

Vcc = 6.2 V 


More commonly Vec is predetermine d and 
calculated from: 


Rnb may be 


Vcc - Vb 

ID 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


Rp= 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 


value to yield a Gesited 3 dB low frequency corner 


- (fLFC). 


be 1 
CBlock(Farads) = ————_______ 
100 7 fLFC(Hz) 
Bypass Capacitor — 

The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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MWA310, MWA320, MWA330 


5 eEIGURE 31 — TEST FIXTURE 


G rounding Screws 


Circuit Board 
Mounted on 


; Aluminum Block 
Blocking Capacitor 


(Ceramic Chip) 


50 2 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


Bypass Capacitor 
(Ceramic Chip) 


+Voc Supply 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins, The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. ; ; 


Text Fixture 
The 50 Q input/output impedance levels of the MWA : TAGE: 
ic ue y : é x ee e ; DIELECTRIC LINE 
hybrids. are most easily preserved on a circuit board by MATERIAL | DIELECTRIC | . THICKNESS WIDTH 
using 50 Q microstrip transmission lines. Figure 31 is TYPE CONSTANT INCHES INCHES 
an example, of a circuit board layout which utilizes Teflon- 0.03125 
Fiberglass |. 0.0625 
microstrip transmission lines in conjunction with other . 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should. be 
priate line widths for 50 22 microstrip lines on commonly — taken to minimize parasitic lead inductances and to 
used circuit board materials. provide adequate grounding. 


FIGURE 32 — TYPICAL CASCADE | 
2. 2 me | 13 
Sp 4 1-4 P49 1-4-0 eee 


ge <6 C3 Oia C3 
a6 Ee eh: # sara (o ee 
~ © — e O — 7 O = 
R1 R2 R3 
RF Input» : : : ‘ees Output 
= — Ct Cl | C1 | C1 aL. | 
MWA #1 3 MWA #2 MWA #3 


The dc isolation components shown are Critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground) as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


C1 — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor - ~ eee 
ATC 50 mil Case (5.0 MHz L.F.) . | Cascade? 1 | Casceade2 2 


C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for _ Frequency Range | 0.25 to 400 MHz | 5.0 to 1000 MHz 
0.25 MHz L.F. Cut-Off . Gain 2 . 43.5 dB 20.5 dB 
C2 — Feedthru Capacitor Centralab SFT-102, 1000 pF or Metuchen Gain Flatness +10d8 +0.75 dB. 
54-794002-681M, 680 pF Pog 
C3 — 0.1 pF Sprague 3CZ5U104X0050C5 - 50 Volt , eure ee a 
L1 — Ferroxcube Shielding Bead 56-590-65//4A - Single Wire CUCU A beet lets 
L2 — Ferroxcube Shielding Bead 56-590-65/4A - 2 Turns #26 AWG Vcc Supply 12 Vde | 33 Vde 


1! Supply. 44 mAdc 150 mAdc 
MWA #1 MWA110. | MWA320 
MWA #2 MWA110 MWA330 
MWA #3 MWA120 MWA330 
R1 1000 Q 1000 Q 
R2 0° 1000 2 | 500 2 
R3 300 2 . 500 2 


Cascading 

The inherent stability of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 32 shows a typical 3 
hybrid cascade with measured data for 400 MHz and 
{000 MHz hybrids. 
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MOTOROLA 
ea SEMICONDUCTOR 


TECHNICAL DATA _ _— MWA5121 


| 
30-890 MHz WIDEBAND 
WIDEBAND HYBRID AMPLIFIER GENERAL-PURPOSE 
7 7 . HYBRID AMPLIFIER 
... Three stage amplifier designed for broadband linear appli- | | | 


cations up to 900 MHz. 
@ Gain 27 dB Typ . . a 
Complete Gain Block; Requires No External Components 


Low Noise Figure 4.0 dB Typ . 
Low Intermodulation Distortion IM2 = —45 dB, IM3 = —59 dB 


@ 
@ Thick Film Construction 
@ 
@ 


| ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Pin 11: IN 

Pin t: OUT 

Pin7:B+ — 

All Others 
Gnd 


NOTES: 
1.-T-1S BOTH A SEATING PLANE AND 
DATUM SURFACE. 
2. POSITIONAL TOLERANCE FOR LEADS 
(H DIMENSION): 
_ [-# | 0.15 (0.006) @ 
RECOMMENDED OPERATING CONDITIONS — POSITIONAL TOLERANCE FOR LEADS 


'(D DIMENSION): - 
Supply Voltage +18 to +22 3. DIMENSIONING AND TOLERANCING 
Source Impedance 50 to 75 
a 
Too 


PER ANSI Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 

Load Impedance i ia 
Operating Temperature 27.99 | 32.00 
5.00 | 0.100 | 0.197 

~ 15.49 | 18.99 | 0.610| 0.748 
0.12] 0.38 0.008] 0.015 

“0.100 BSC | | 

=| 0.039 | 
0.157 | 0.200 


CASE 790-01 
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(GP) ‘3°N 


COME, 
CW Ty 
LOA TT 


SUPPLY voice wou 


MWA5121 


20 V, Zs 


= 50 0) 


25°C, Vcc = = Z, 


ELECTRICAL CHARACTERISTICS (Ta 


- Characteristic 


Operating Current 


Gain Flatness 


(f = 30 to 890 MHz, Z 
30 to 890 MHz, Z 


(f 


(f = 30 to 890 MHz, Z 
(f = 30 to 890 MHz, Z 
(f = 30 to 890 MHz, Z 
(f = 30 to 890 MHz, Z 


Input VSWR 


Output VSWR 


= 50 0) 
= 759) | 


s= 2, 
S= 24. 


(f = 30 to 890 MHz) 


Isolation 


30 to 300 MHz) 


(f 
(f 


Noise Figure 


300 to 890 MHz) 


FIGURE 1 — GAIN AND NOISE FIGURE versus FREQUENCY 


PEEP 


FIGURE 2— GAIN AND NOISE FIGURE versus FREQUENCY 
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60 
: FREQUENCY (MHz) 


4 LO oe : Oo 
~* N = is 


(P) Niv9 
ae ae JSION . 


PITT ty 


ae 
HRA 


* TREOUENCY. iM 


FIGURE 4 — OUTPUT POWER AT 1.0 dB GAIN 


FIGURE 3 — OUTPUT POWER AT 1.0 dB GAIN 


COMPRESSION versus SUPPLY VOLTAGE 


COMPRESSION versus FREQUENCY 
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MIVWASTZI 


FIGURE 6 — CURRENT DRAIN versus SUPPLY VOLTAGE 


FIGURE 5 — GAIN versus SUPPLY VOLTAGE 
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SUPPLY VOLTAGE (VOLTS) 


SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 — TYPICAL INPUT AND OUTPUT | 


FIGURE 7 — INPUT AND OUTPUT VSWR versus FREQUENCY 


VSWR CHARACTERISTICS 
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f, FREQUENCY (MHz) 
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f, FREQUENCY (MHz) 
FIGURE 9 — SECOND ORDER INTERMODULATION DISTORTION 


199.25 MHz (CH 11) 
211.25 MHz (CH 13) 
f4 


FIGURE 10 — THIRD ORDER INTERMODULATION DISTORTION 
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MWA5121 


DESCRIPTION AND APPLICATIONS | | FIGURE 11 — AMPLIFIER CONFIGURATION 


The MWA5121 is a thick-film hybrid circuit designed | 
for general purpose amplifier applications in the 30 to + Vcc 


890 MHz band. Features are low-noise, flat-gain and 

_ low-distortion. The MWA5121 is designed to serve as a 
broadband, linear gain block with excellent perfor- 
mance in both 50 and 75 ohm systems. The MWA5121 

is a complete circuit that requires no additional com- «. - 
ponents or adjustments. Reliability and performance 
uniformity are.assured by gold metallized transistors 

_and stringent quality control procedures. 


THERMAL DESIGN CONSIDERATIONS 

The MWA5121 does not require a thermal radiator; 
however, it is necessary-to keep the ambient tempera- 
ture between —30 to +85°C. 


HANDLING PRECAUTIONS | 
polgering must be pet under the following conditions: 


e Hand soldering: 2.4 mm.minimum from the root of the leads at 260°C 1 maximum 
for 2 seconds (per line) maximum. 


@ Solder dip: 2.5 mm minimum from the root of the leads at 260°C maximum 
_for 5 seconds (total) maximum. | 


If ¢ an unknown impedance i is connected, caution should be exercised against oscillations. Be sure to isolate ie input 
and output and adequate grounding must be provided: Remember, the MWA5121 is packaged'in resin and unnecessary 
Prcplems may occur when other circuit elements are allowed to couple through the unshielded IC. 
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MOTOROLA 
a SEMICONDUCTOR Sie 
TECHNICAL DATA — : 7 or | 


Wideband Hybrid Amplifier | MWAS157 


... three stage amplifier designed for broadband linear applications up to | 
YOU MHz. . 
Gain 24 dB Typical | 
Complete Gain Block; Requires No External Components 

Thick Film Construction 

Low Noise Figure 5 dB Typical 

Low Intermodulation Distortion IMg = —45 dB, IM3 = —59 dB 
Supply Voliage = 12 V Nominal 


30-890 MHz WIDEBAND 
_ GENERAL-PURPOSE 
‘HYBRID AMPLIFIER 


0o@6® 6 8 6 


@ 


CASE 790-01 
PLASTIC — 


Circuit Current | -_ . ae mAdc 
Input Voltage VI(RF) 0.5 V - 
Toial Dissipation | - Py | 1.2 | Ww | 


RECOMMENDED OPERATING CONDITIONS 


Operating Temperature 
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MWA5157 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 V, Zs = ZL = 50 0, unless specified otherwise) | 


cme meen. <8 a eee Ss 
a 


Gain (f = 100 MHz) 


Gain Flatness (f = 30 to 890 MHz, Zc = 
(f = 30 to 890 MHz, Zs = 


= 50 Q) 

= 750) | 
= 50 9) 

(f = 30 to 890 MHz, Z = 760) 


Output VSWR (f = 30 to 890 MHz, Zs = Z, = 500) 
| (f = 30 to 890 MHz, Zg = Z, = 759) 


Isolation (f = 30 to 890 MHz) 


Noise Figure (f = 30 to 300 MHz) 
(f = 300 to 890 MHz) 


Input VSWR (f = 30 to 890 MHz, Z>o = 
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Figure 1. Gain and Noise Figure versus Frequency. _ Figure 2: Gain and Noise Figure versus Frequency 
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Figure 3. Output Power at 1 dB Gain Compression Figure 4. Output Power at 1 dB Gain Compression 
versus Frequency _ - | -. versus Supply Voltage | 
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MWAS157 


(3P) Niw'd 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Figure 5. Gain versus Supply Voltage 


Figure 6. Current Drain versus Supply Voltage — 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


_ Figure 8. Input and Output VSWR: 


Figure 7. Input and Output VSWR versus Frequency 


versus Frequency 
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Figure 9. Second Order Intermodulation Distortion 


Figure 10. Third Order Intermoduilation Distortion 
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MWA5157 


DESCRIPTION AND APPLICATIONS 


The MWA5157 is a thick-film hybrid circuit designed for 
general purpose amplifier applications in the 30 to 890 
MHz band. Features are low-noise, flat-gain and low- 
distortion. The MWA5157 is designed to serve as a broad- 
band, linear gain block with excellent performance in 
both 50 and 75 ohm systems. The MWA5157 is acomplete 
circuit that requires no additional components or adjust- 
ments. Reliability and performance uniformity are as- 
sured by gold metallized transistors and stringent quality 
control procedures. 


THERMAL DESIGN CONSIDERATIONS 


The MWA5157 does not require a thermal radiator; 
however, it is necessary to keep the ambient temperature 
between —30 to + 85°C. | 


HANDLING PRECAUTIONS Figure 11. Amplifier Configuration 


Soldering must be performed under the following 
conditions: 


@ Hand soldering: 2.4 mm minimum from the root of 


the leads at 260°C maximum for 2 . lf an unknown impedance is connected, caution should 

seconds (per line) maximum. be.exercised against oscillations. Be sure to isolate the 

input and output and adequate grounding must be pro- 

® Solder dip: 2.5 mm minimum from the root of vided. Remember, the MWA5157 is packaged in resin and 
the leads at 260°C maximum for 5 unnecessary problems may occur when other circuit ele- 

seconds (total) maximum. ments are allowed to couple through the unshielded IC. 


OUTLINE DIMENSIONS 


CASE 790-01 NOTES: 


| 1. TIS BOTH A-SEATING PLANE AND 
PLASTIC TOP | DATUM SURFACE. 
SURFACE 2. POSITIONAL TOLERANCE FOR LEADS 


(H DIMENSION): 
[-#] 0.15 (0.006) | T| 
POSITIONAL TOLERANCE FOR LEADS 
(D DIMENSION): , 

[-#[ 0.25 (0.010) @{T| 

3. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 


AIC LAETERS | INCHES 
pim | MIN | MAX | MIN | MAX 
[a _| 27.99] 32.00| 1.102] 1.260 | 

B 


2.54 | 5.00| 0.100[ 0.197 
15.49 | 18.99 | 0.610| 0.748 
0.12 | 0.38] 0.005 | 0.015 


-2:54 BSC 0.100 BSC 
0.38 | 0.63; 0.015] 0.025 
{8 7 0.039 


5.06 | 0.157) 0.200 


* ||| 03/0 oO 


3.99 
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MOTOROLA RF DEVICE DATA 


‘Tuning, Hot Carrier 
and PIN Diodes 


MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 


1N5139 1N5139A == 
thru ~—s thru 


1N5148 1N5148A 


VOLTAGE-VARIABLE > 
CAPACITANCE DIODES 


SILICON EPICAP DIODES | | Suscon | 


EPITAXIAL PASSIVATED 


. designed for electronic tuning and harmonic-generation ap-_ 
plications: and providing solid-state reliability to replace me- 
chanical tuning methods. 

@ Guaranteed High-Frequency Q 

@ Guaranteed Wide Tuning Range 

@ Guaranteed Temperature Coefficient 
@ Standard 10% Capacitance Tolerance 
® Complete Typical Design Curves 


| ; ah 
| | - 6.8-47 pF EPICAP 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 


| 2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 1 EO FAS r EDO BINISH BU ICOUR AND MINER 


| IRREGULARITIES OTHER THAN HEAT SLUGS. 
ek ae 
2 eT 2 


Device Dissipation @ TA = 25°C 
Derate above 25°C 


‘| Device Dissipation @ Tc = 25°C Watts 
‘Derate above 25°C. mwWw/°C 


Storage Temperature Range > =" -—65 to +200 
g 


tThe RF power input rating assumes that an adequate heat sink is provided. 


am atts MILLIMETERS Ea icHes 


lice 


|B | 2.16 [2.72 [0.085 | 0.107 | 
| 0 | 0.46 | 018 | 0.022 | 


All JEDEC dimensions and notes apply | 


CASE 51-02 
DO-204AA 


MOTOROLA RF DEVICE DATA 
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1N5139 thru 1N5148, 1N5139A thru 1N5148A 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 


___ Characteristic — All Types 
Reverse Breakdown Voltage | = 10 pAdc . ( . 


Reverse Voltage Leakage Current 


VR = 55 Vde, TA = 25°C 
VR = 55 Vdc, TA = 150°C 


f = 250 Miz, L ~ 1/16" 
f= 1 MM, t ~ 1/16" 


Diode Capacitance Temperature - 


Coefficient ~ VR = 4 Vdc, f = 1 MHz 


_ CT, Diode Capacitance 
VR = 4 Vde, f = 1 MHz 


Q, Figure of Merit 
VR = 4 Vde, 
f = 50 MHz 


1N5139. 
-.1N5139A 

1N5140 

1N5140A 


1N5141 
1N5141A 
1N5142 
1N5142A 


1N5143 
1N5143A 
1N5144 
1N5144A 


1N5145 
1N5145A 
1N5146 
1N5146A 


—1N5147 
1N5147A 
1N5148 
1N5148A 


PARAMETER TEST METHODS 


tance bridge at the specified frequency and substituting in 
the following equations: 
GG! 


1. L,, SERIES INDUCTANCE | 
Ls is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 
L = lead length. 


a | (Boonton Electronics Model 33AS8). | 
2. Gc, CASE CAPACITANCE = 6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 


Ce is measured on an open package at 1 MHz using a ca- 
pacitance bridge (Boonton Electronics Model 75A or 
equivalent). 


. C,, DIODE CAPACITANCE 


(Cr = Cc + Cy): Cr is measured at 1 MHz using a capaci- | 


tance bridge. (Boonton Electronics Model 75A or 
equivalent). : 


. TR, TUNING RATIO 


TR is the ratio of C; measured at 4 Vde divided by Cr meas- 
ured at ‘60 Vde. 


5. Q, FIGURE OF MERIT. 
Q is calculated by taking the G and C readings of an ‘admit: 


The diode capacitance, Cr (as measured at Vk = 4 Vdc, 
f = 1 MHz) is compared to C; (as measured at V, — 60 Vdc, 
f = 1 MHz) by the following equation which defines a. 


log Cr(4) — log Cr(60) - 
_ log 60 — log 4 


Note that a.Cr versus Vz law is assumed as shown in the 


following equation where Cc is included. 


— K_ 
Cr= Va 


. TC, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 


TCc is guaranteed by comparing Cr at Vz — 4 Vdc, f — 

1 MHz, T. = —65°C with Cy at Ve = 4 Vdc, f = 1 MHz, 

Ta = +85°C in the following equation which defines TCe: 
85 + 65 * (25°C) (25°C) 
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FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE ~ FIGURE 2 — FIGURE OF MERIT versus REVERSE VOLTAGE 
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FIGURE 3 — NORMALIZED DIODE CAPACITANCE ae FIGURE 4 — NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE : versus JUNCTION TEMPERATURE 


NORMALIZED DIODE CAPACITANCE 
NORMALIZED Q, FIGURE OF MERIT (%) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 6 — FIGURE OF MERIT versus FREQUENCY 
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KA 


MOTOROLA 


#2 SEMICONDUCTOR yyy 


TECHNICAL DATA 


SILICON EPICAP DIODES 


. . epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic-generation applications in 
AM through UHF ranges, providing solid-state reliability to replace 


mechanical tuning methods. 


Complete Typical 


* MAXIMUM RATINGS 


Device Dissipation @ Ta = 25°C 
Derate above 25°C 


*iIndicates JEDEC Registered Data. 


VVC 


Excellent O Factor at High Frequencies 
Guaranteed Capacitance Change — 2.0 to 30 V 
Guaranteed Temperature Coefficient 
Capacitance Tolerance — 10% and 5.0% 


Reverse Voltage . 


Operating Junction Temperature Range 
Storage Temperature Range ~ 


Design Curves 


| 
400 mw 

2.67 mw/°c 

-65 to +200 


MOTOROLA RF DEVICE DATA 


1N5441A,B 


thru 
1N5456A,B — 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8 — 100 pF 
30 VOLTS 


DO-204AA GLASS 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-204AA 


1N5441A,B thru 1N5456A,B _ 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


ig — | _ 


| Reverse Voltage Leakage Current VR = 25 Vdc, Ta = 25°C 0.02 pAdc 
Vr = 25 Vde, Ta = 180°C _ — 


& 20 4 


f = 1.0 MHz, lead length 1/16” CC 0.14 | 0.17 0.25 pF 


Cy, Diode Capacitance (1) TR, Tuning Ratio Q, Figure of Merit 
Vr = 4.0 Vde, f = 1.0 MHz C3/C39 


pF f= 1.0 Miz 
Min Max 
(Nom -10%) (Nom +10%) 
<6. 6.8 7. 


| Case Capacitance 


| Diode Capacitance Temperature 
Coefficient: (Note 6) 


1N5441A 
1N5442A 
1N5443A 
1N5444A 


1N5445A 
1N5446A 
1N5447A 
1N5448A 


1N5449A 
1N5450A 
IN5451A 
1N5452A 


1N5453A 
1N5454A 
1N5455A 
1IN5456A 


(1) To order devices with Ct Nom +5.0% add Suffix B. 
*Indicates JEDEC Registered Data. 


PARAMETER TEST METHODS 


1. Lg, Series Inductance 6. TC., Diode Capacitance Temperature in the following equation, which defines TC,: 
Ls i d on a shorted package at 250 Coefficient 
S Bs measured’ ON a siortec packeg C7(+85°C) -Cr(-65°C)| - 106 
MHz using an impedance : bridge (Boonton TC, is guaranteed by comparing C7 at Va = TCo= _. _. _ 
Radio Model 250A RX Meter or equivalent). 4.0 Vdc, f = 1.0 MHz, Ta = -65°C with Cr 85 +65 Cr(25°C) 


2. Cc, Case Capacitance at VR = 4.0 Vdc, f = 1.0 MHz, Ta = +85°C 


; Accuracy limited by Cy measurement to 
Cc is measured on an open package at 1.0 


+0.1 pF. 
MHz using a capacitance bridge (Boonton + P 
Electronics Model 75A or equivalent). FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
3. Cry, Diode Capacitance versus JUNCTION TEMPERATURE 


(Cr = Co + Cy). Cr is measured at 1.0 MHz 
using a Capacitance bridge (Boonton Elec- 
tronics’ Model 75A or equivalent). 

4. TR, Tuning Ratio 
TR-is ‘the ratio of Cy measured at 2.0 Vdc 
divided by C7 measured at 30 Vdc. 

5. Q, Figure of Merit . 
Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: 


NORMALIZED DIODE CAPACITANCE 


(Boonton Electronics Model 33AS8 | 75-50-25 0 425 +50 +75 +100 +125 
or equivalent). 


Ty, JUNCTION TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 


RA 


1N5441A,B thru 1N5456A,B 


TYPICAL DEVICE PER FORMANCE 


FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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0 75 150 225 300 375 425 500 
VR, REVERSE VOLTAGE (VOLTS) If, FORWARD CURRENT (mA) 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR auamms| = 1N5461A.B 


TECHNICAL DATA oe | thru 
1N54/6A,B 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


| 6.8 — 100 pF 
SILICON EPICAP DIODES | | | | 30 VOLTS | 


...a PREMIUM line of epitaxial, passivated, abrupt-junction tuning 
diodes for critical and sophisticated frequency control applications 
_ through the UHF range. | 


High Q at High Frequencies 

Guaranteed High.Capacitance Tuning Range 
Excellent Unit-to-Unit Uniformity — 
Guaranteed Temperature Coefficient 
Capacitance Tolerances — 10% and 5.0% 


Complete Typical Design Curves — 


DO-204AA G LASS 


*“MAXIMUM RATINGS 


Reverse Voltage | 


Device Dissipation @ Ta = 25°C 
Derate above 25°C © 


| 
a 
2.67 mw/°c 


Operating Junction Temperature Range 


Storage Temperature Range 


"Indicates JEDEC Registered Data. 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-204AA 


MOTOROLA RF DEVICE DATA 


F.Q 


1N5461A,B thru 1N5476A,B 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic—All Types Test Conditions 
IR = 10 pAde 


VR = 25 Vde, Ta = 25°C 
VR = 25 Vdc, Ta = 150°C 


Series Inductance - | = 250 MHz, lead length 1/16” 
Case Capacitance © f= 1.0 MHz, lead length ~ 1/16" 


Diode Capacitance Temperature 
Coefficient (Note 6) 


Cr, Diode Capacitance (1) TR, Tuning Ratio. -]Q, Figure of Merit 
VR = 4.0 Vdc, f = 1.0 MHz . C2/C39 2 “Vp = 4.0 Vde © 
f=1.0MHz ~~ =| £=50MHz 


Min 
. (Nom -10% 


-IN5461A 
1N5462A 
1N5463A 
1N5464A 


1N5465A 
IN5466A 
1N5467A 
1N5468A 


1N5469A . 
1N5470A 
1N5471A 
1N5472A 


1N5473A 
1N5474A 
1N5475A 
1N5476A 


(1) To order devices with Cy Nom +5.0% add Suffix B. 
*Indicates JEDEC Registered Data. 


PARAMETER TEST METHODS 


1. Ls, Series Inductance 6. TC,, Diode Capacitance Temperature in the following equation, which defines TC,: 


‘Lg is measured on a shorted package at 250 - Coefficient 485°C) - Cr(-68°C) 106 
Mhz using an impedance bridge (Boonton TC, is guaranteed by comparing C+ at Vp = TC.= CSS? Serre 2 bee es Paes 
Radio Model 250A RX Meter or equivalent). 4.0 Vdc, f = 1.0 MHz, Ta = -65°C with Cr ° 85 + 65 C7(25°C) 


2. Cc, Case Capacitance at VA = 4.0 Vde, f=1.0 MHz, Ta = +85°C 


Accuracy limited by C7 measurement to 
Cc is measured on an open package at 1.0 Y YorT 


MHz using a capacitance bridge (Boonton Soap e: 
Electronics Model 75A or equivalent)... i FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
3. CT, Diode Capacitance. 7 is versus JUNCTION TEMPERATURE 


(Cy = Co + Cy). Cris measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 


4. TR, Tuning Ratio 
- TR is the ratio of C7 measured at 2.0 Vdc 
divided by Cy measured at 30 Vdc. 


5. Q, Figure of Merit 
Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: or 


G 


NORMALIZED DIODE CAPACITANCE 


2nfc 


(Boonton Electronics Model 33AS8 
or equivalent). ; -15 = -50 0-25 0 +25 +50 +75 +100 +125 


Ty, JUNCTION TEMPERATURE (°C) 


TYPICAL DEVICE PERFORMANCE 


1N5461A,B thru 1N5476A,B 
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If, FORWARD CURRENT (mA) 
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FIGURE OF MERIT versus FREQUENCY 
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FIGURE 6 — FORWARD VOLTAGE 
versus FORWARD CURRENT 
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FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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MOTOROLA RF DEVICE DATA 
5-10 


MOTOROLA 


mu SEMICONDUCTOR mum 


TECHNICAL DATA 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) - 


. .. designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in 
an inexpensive plastic package for low-cost, high-volume con- 
sumer requirements. Also available in Surface Mount package. 


@® The Rugged Schottky Barrier Construction Provides Stable 
Characteristics by Eliminating the ‘“Cat-Whisker” Contact 


@ Low Noise Figure — 6.0 dB Typ @ 1.0 GHz 
® Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 
® High Forward Conductance — 0.50 Volts (Typ) @ I-F = 10 mA 


MAXIMUM RATINGS 


Rating 


Symbol 
Reverse Voltage 


Forward Power Dissipation @ Ta = 25°C Pr _ 280 200 
Derate above 25°C 2.8 : 2.0 
Junction Temperature 


Storage Temperature Range 


Symbol [Unie 


Reverse Breakdown Voltage 
(tm = 10 A) 


Diode Capacitance - Cr 
(VR =0, f= 1.0 MHz, Note 1) 

Forward Voltage (1) a . VE 
(lp=10mA) | | 

Noise Figure NF 
(f = 1.0 GHz, Note 2) 


ELECTRICAL CHARACTERISTICS (Tq = 259°C unless otherwise noted) 


MBD101 
MMBD101 
MMBD101L 


SILICON HOT-CARRIER 
UHF MIXER DIODE 


| - CASE 318-02 
CASE 182-02 TO-236AA 
TO-226AC SOT-23 


SEATING 
PLANE 
F 
D 
a 
sect A-A 
[ MIN | Max | 
|4.32 | 5.33 | 0.170 [0.210_| 
| 4.45 [76.21 [0.175 [0.205 | 
STYLE 1: 
PIN 1. ANODE 
2. CATHODE 
CASE 182-62 
TO-226AC 
—P r— 


—>| M a 

MILLIMETERS INCHES 
pim | MIN | MAX | MIN | MAX 
STYLE8: A | 280 | 304 | 0.1102 | 0.1197 
PIN 1. ANODE B_|120 | 140 | 0.0472 | 0.0551 
2. NO CONNECTION “cf 085 | 120 | 0.033 | 0.0472 
3. CATHODE D | 037 | 060 | 0.0150 | 0.020 
_ [0085 [0.130 | 0.0034 | 0.0051 
G | 178 | 204 | 0.0701 | 0.0807 
CASE 318-02 H | 045 | o6o | 0.0177 | 0.0236 
. AA K [010 | 025 | 0.0040 | 0.0098 
TO-236 t_ | 210 | 250 | 0, 0.0984 
SOT-23 m_| 045 | 060 | 0.0180 | 0.0236 

N [099 | 1.02 . 

LK | 0013 | 0.10 


*Low Profile = CASE 318-03 


MOTOROLA RF DEVICE DATA 


MBD101, MMBD101, MMBD101L 


IR, REVERSE LEAKAGE (uA) 


(pF) 


C, CAPACITANC! 


FIGURE 1— REVERSE LEAKAGE 


So Ne ee Es fete 


TYPICAL CHARACTERISTICS 
(Ta = 25°C unless noted) 


9) 
faa 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — CAPACITANCE 


VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 5 — NOISE FIGURE TEST CIRCUIT 


UHF 
NOISE SOURCE 
H.P. 349A 


NOISE 
FIGURE METER 
H.P. 342A 


LOCAL 
OSCILLATOR 


DIODE IN 
TUNED 
MOUNT 


IF AMPLIFIER 
NF = 1.5 dB 
f = 30 MHz 


NF, NOISE FIGURE (dB) 


Ig, FORWARD CURRENT (mA) 


FIGURE 2 — FORWARD VOLTAGE 
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Ve, FORWARD VOLTAGE (VOLTS). - 


FIGURE 4 — NOISE FIGURE 


LOCAL OSCILLATOR FREQUENCY = 1.0 GHz 
(Test circuit Figure 5) 


rol i ttt Tt FP eT ET 
rol _1 | tt Titi ft tt ET 
0.1 0.2 0.5 1.0 2.0 5.0 10 


PLo, LOCAL OSCILLATOR POWER (mW) 


NOTES ON TESTING AND SPECIFICATIONS 


Note 1—Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 


Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 


Note 3 — Ls is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 


MOTOROLA RF DEVICE DATA 


5-12 


MOTOROLA 
m= SEMICOND 


UCTOR | 


TECHNICAL DATA 


MBD201 MMBD201, L 
MBD301 MMBD301, L 


-SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 
20-30 VOLTS 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


... designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in an inexpensive plastic pack- 
age for low-cost, high-volume consumer and industrial/commer- 
cial requirements. Also available in Surface Mount package. 


@ The Schottky Barrier Construction Provides Ultra-Stable 
Characteristics By Eliminating the ‘“‘Cat-Whisker” or ““S-Bend”’ 
Contact . 


CASE 318-02 
CASE 182-02 TO-236AA 


TO-226AC 


@ Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
@ Very Low Capacitance — 1.5pF (Max) @ Vp = 15V 
@ Two Voltage Ranges — 20 V — MBD201,MMBD201,L 

. — 30 V — MBD301,MMBD301,L 
@ Low Reverse Leakage — IR = 10 nAdc (Typ) MBD201, 

MMBD201,L ~ 
= 13 nAdc (Typ) MBD301, 

MMBD301,L . 


are 
SECT A-A 


MAXIMUM RATING (Tj = 125°C unless otherwise noted) 


inn PULMETERS | INCHES 
[Min | max [ MIN [Max | 
| a_| 4.32 | 5.33 | 0.170 |0.210 | 
YB | 4.45 | 5.21 | 0.175 [0.205 | 


STYLE 1: | c | 3.18 | 419 | 0.125 [0165 | 
PIN 1. ANODE | DO | 0.356 | 0.533 [ 0.014 [0.027 _| 
Reverse Voltage 2. CATHODE a edicce cae 407 0.482 Est 
Lele — 2.54 asc 0.100 BSC 
MBD301 3 CASE 16202)-° seeing = aise 
ssipation @ Ta = 25°C) roz2sac Fett art ear 
orward Power Dissipation @ Ta = 25°C PF MBE i 
Derate above 25°C . rR | 343 [| — | 0.135; — | 
Operating Junction Temperature Range —55 to +125 SEE ee 
Storage Temperature Range —65 to +150 slg 
aan i 
i 
B L 
Characteristic — . 1 
Reverse Breakdown Voltage oo Y 
(IR = 10 ~Adc) © MBD201, MMBD201,L | eines eee 
MBD301, MMBD301, L 5 


Total Capacitance, Figure 1 ; r 
Minority Carrier Lifetime, Figure 2 Sent . te Fe 


ry r 
(Ip = 5.0 mA, Krakauer Method) male 0 SoS ae 
i MILLIMETERS INCHES 
Reverse Leakage, Figure 3 Ga SEATS oH 
(VR = 15 V) MBD201,-MMBD201, L STYLE 8: A | 280 | 304 | 0.1102 | 0.1197 
PIN 1. ANODE B | 120 | 1.40 | 0.0472 | 0.0551 
(VR = 25.V) MBD301, MMBD301, L 2. NO CONNECTION c|.o9s | 120 | 0.033 | 0.0472 
3. CATHODE D | 037 | 050 | 0.0150 | 0.020 
F | 008 | 0.130_| 0.0034 | 0.0081 
G | 178 | 204 | 00701 | 0.0807 
CASE 318-02 lH | 045 | o60 | 00177 | 0.0236 
7 kK | o10 | 025 | 0.0040 | 0.0098 
TO 236AA L_ | 210 | 250 | 0.0830 | 0.0984 
SCT-22 m | oas | ogo | o.oo | 0.0296 
N {| o@9 | 102 | 0.0350 | 0.0401 
K_ | 0013 | 010 | 0.0005 | 0.0040 
*Low Profile = CASE 318-03 TO-236AB 


MBD201, MBD301, MMBD201, L, MMBD301, L 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 2 — MINORITY CARRIER LIFETIME 


FIGURE 1 — TOTAL CAPACITANCE 
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Ip, FORWARD CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) © 


— FORWARD VOLTAGE 


FIGURE 4 


FIGURE 3 — REVERSE LEAKAGE 


Bint 


8 


(v7) IOVNV3I1 ISHSAIH 4 


Ve, FORWARD VOLTAGE (VOLTS) 


' VR, REVERSE VOLTAGE (VOLTS) 


KRAKAUER METHOD OF MEASURING LIFE TIME 


CAPACITIVE 
CONDUCTION 


IF (Peak) 


/ |R(Peak) 


~ STORAGE 
CONDUCTION 


FORWARD 
CONDUCTION 


a 
Soo 
2o 
a 
an 
Ss 4 
a= 
aR 
oO 


(50 Q INPUT) 


SINUSOIDAL 
GENERATOR 


MOTOROLA RF DEVICE DATA - 
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MOTOROLA 


m SEMICONDUCTOR SEE 91 MIBDSO1, L 


MBD701 MMBD701, L 


HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 

. DIODES 
50-70 VOLTS 


SILICON HOT-CARRIER DIODE | 
(SCHOTTKY BARRIER DIODE) 


... designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in an inexpensive plastic pack- 
age for low-cost, high-volume consumer and industrial/commer- 
cial requirements. Also available in Surface Mount package. 


® The Schottky Barrier Construction Provides Ultra-Stable Char- 


acteristics by Eliminating the ‘‘Cat-Whisker” or ‘“S-Bend’”’ 
Contact 


CASE 318-02 
CASE 182-02 TO-236AA 


—TO-226AC -  §OT-23 


- ® Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
@ Very Low Capacitance — 1.0 pF @ Vy = 20V . 

® High Reverse Voltage — to.70 Volts 

@ Low Reverse Leakage — 200 nA (Max) 


fer | 
ae ae ee - 
F 


MAXIMUM RATING (T) = 125°C unless otherwise noted) 
MBD501 |MMBD501,L 
MBD701 |MMBD701,L 
Rating . Symbol Value | | Unit | 
VR Volts 
50 
70 . 
Pr 200 W CASE 182-02 
| 2.8 2.0 mw/°c TO-226AC 
Operating Junction Temperature Range —55 to +125. 
Storage Temperature Range —65 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted} 


Characteristic: 


Reverse Voltage STYLE 1: 
PIN 1. ANODE 
2, CATHODE 


MBD501 
MBD701 


25°C 


Forward Power Dissipation @ Ta = 
Derate above 25°C 


Reverse Breakdown Voltage 
(IR = 10 pAdc) MBD501, MMBD5071, L 
, ~~. MBD701, MMBD701, L 


Total. Capacitance, Figure 1 
(VR = 20 Volts, f = 1.0 MHz) 


- wm Meet - F 


Reverse Leakage, Figure 3 


MILLIMETERS | INCHES 


(Vp = 25 V) MBD501, MMBD501, L : pm [Min | MAX [MIN |” MAX 
(Va = 35V) __MBD701, MMBD701, L 90 | 2 | Eco rat fae a 
-N ; 033 | 0. 

Forward Voltage, Figure 4 ~ VE 1.2 | Vde aT cATNOOE patos aso] ae 
(l- = 10 mAdc) — F_ | 0.085 | 0.430 | 0.0034 | 0.0051 
: —— , : case sia-o2 (te fm tue tome 
TO-236AA K He 0.25 | 0.0040 | 0.0098 

rt 2.50 | 0.0830 | 0.0984 

SOT-23 cs amr: [060 10.0180 [0.0236 

N_| 089 | 1.02 [i 0.0401 

K_ | 0013 } 0.10 | 0.0005 | 0.0040 


*Low Profile = CASE 318-03 TO-236AB 


MOTOROLA RF DEVICE DATA 


MBD501, MBD701, MMBD501, L, MMBD701, L 


KRAKAUER METHOD OF MEASURING LIFE TIME 


jae CAPACITIVE _ /™ 
/ Feat | CONDUCTION / | 


4 


ee 


an Wee 
(LJ ina) ; | 
FORWARD STORAGE 
| . CONDUCTION | CONDUCTION 
CT | | 
| sinusoinaL 3=/-———4 a ORK SAMPLING 
GENERATOR NETWOR OSCILLISCOPE 
i (PADS) (50 2 INPUT) 


TYPICAL ELECTRICAL CHARACTERISTICS | 
FIGURE 1 — TOTAL CAPACITANCE FIGURE 2 — MINORITY CARRIER LIFETIME 


KRAKAUER METHOD 


CT, TOTAL CAPACITANCE (pF) 
[aw] 
oo 
C 


ee ee 
5 30 3 


- 0.4 


T, MINORITY CARRIER LIFETIME (ps) 


ie 
U 5.0 10 15 20 2 5 4 45 50 
Vr, REVERSE VOLTAGE (VOLTS) 'f, FORWARD CURRENT (mA) 
FIGURE 3 — REVERSE LEAKAGE . FIGURE 4 — FORWARD VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 7 Ve, FORWARD VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA ‘ 
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__ MOTOROLA 


‘TECHNICAL DATA 


SILICON EPICAP DIODES 


... designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 


@ Controlled and Uniform Tuning Ratio 


[Reverse Votage SSC | *d | 


Device Dissipation @ Ta = 25°C 
Derate above 25°C . 


Junction Temperature 


Storage Temperature Range 


Cy, DIODE CAPACITANCE (pF) 


Tieton | | 


iat 
ON 


1.0 


20 3.0 5. j 


Va, REVERSE VOLTAGE (VOLTS) 


MMBV105G | 
MMBV105GL 


MV1056 


VOLTAGE VARIABLE | 
CAPACITANCE DIODES 


30 VOLTS 


riaicLiMETERS| INCHES —] 
Limi | max [MIN | Max | 
| a_| 432 | 5.33 | 0.170 [0.210 | 
| 445 | 6.21 | 0.175 [0.206 | 
Pe [3.18 [aio [0.125 10.165 


STYLE 1: 
PIN 1. ANODE 


2. CATHODE 


"AW JEDEC dimensions and notes apply 


CASE 182-02 
TO-226AC 


2. CONTROLLING DIMENSION: NCH: 


PIN 1. ANODE 


NOTES: — 
1. DIMENSIONING AND TOLERANCING PER Y14.5M, 


DIM 


[ MILLIMETERS | INCHES | 
[MIN Xx 


| MAX | MIN | MAX | 
290 | 304 | o1oz | 0.1197 | 
; 140 | 0.0472 | 0.0551 | 
120 | 0.033 | 0.0472 
050 | 0.0150 | 0.020 
; 0.130 | 0.0034 | 0.0051 
204 | 0.0701 | 0.0807 


0.60 | 0.0177 | 0.0236 


2. NO CONNECTION 
CATHODE 


PS ae SS [mK [=e 9 |S [> | [> 


CASE 318-02 
TO-236AA 


° 
= 
v 


MOTOROLA RF DEVICE DATA 


MMBV105G, MMBV105GL 


ELECTRICAL Su ARACTESIE) ¢s ti 95 26 wnleomnenniseneeed) 


Heverse Breakdown ‘Voltage V(BR)R | | 


fio = AAs} 


| Reverse Noliade Leakage Current 


j (VR=28V) | | | | | 


Device 
Type 


MMBV105G 


FIGURE 2 — FIGURE OF MERIT FIGURE 3 — DIODE CAPACITANCE 


CENCE EE 


VR = 3.0 Vde 


Q, FIGURE OF MERIT 
Cy, DIODE CAPACITANCE (NORMALIZED) 


-75 -50 -25 0 +25 +50 +75 +100 = «+125 


Vr, REVERSE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
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MOTOROLA 


3 SEMICONDUCTOR aoe 


- TECHNICAL DATA 


SILICON EPICAP DIODE 


... designed for general frequency control and tuning applica- 
tions; providing solid-state reliability in replacement of mechan- 
ical tuning methods. 


© High Q with Guaranteed Minimum Values at VHF 
Frequencies 


@ Controlled and Uniform Tuning Ratio 
@ Available in Surface Mount Package 


MAXIMUM RATINGS 


Cv zoo] 
ating SY Seber] vate | Ui 
[Reverse Votege—SSCS~*~sCs =| =i 
[Forward Curent ———SSSS*dt ie 200m 

a 


Forward Power Dissipation @ Ta = 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWw/°C 


Junction Temperature | TY 


Storage Temperature Range —65 to +150 — 


FIGURE 1 — DIODE CAPACITANCE 
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Ct, DIODE CAPACITANCE (pF) 
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Vp, REVERSE VOLTAGE (VOLTS) 


i 2 
eS 


MOTOROLA RF DEVICE DATA 


MMBV109— 


MMBV109L 
MV209 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


CASE 318-02 
CASE 182-02 TO-236AA 


TO-226AC SOT.23 


on REIMETERST TuCHES 
Pain [max [aN | Max | 
| a | 432 | 5.39 | 0.170 [0.210 | 
Pe [445 [5.21 | 0.175 [0.205 | 
Pc | 3.18 | 


| 4.19 [0.125 10.165 _| 
| 0 | 0.356 | 0.5331 0.014 [0.021 _| 
0.407 | 0.482] 0016 [0.019 | 


STYLE 1: 
PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC 


| _4 
| i 
aM =} 
MILUMETERS [INCHES 
pM [MIN | MAX | MIN | MAX 
STYLE 8: {A | 280 | 304 { 0.1102 | 0.1197 | 
PIN 1. ANODE 8 [| 120 | 1 0.0551 
2. NO CONNECTION c [oss | 120 | 0 0.0472 
3. CATHODE dp | 037 |. 050 i 
F {0085 | 0.130 | 0 0.0051 
G | 17 | 204 |o 0.0807 
CASE 318-02 | [ nH [045 | 060 [0 0.0236 
a AA kK [ o10 [| 025 | 0 0.0098 
TO-236 L | 210 | 250 | 0.0830 | 0.0994 
SOT-23 M1085) OBO | O0tee |) 0.0296 
N | 089 | 102 [goat 0.0401 
K | 0013 [| 010 | 0.0005 | 0.0040 
*Low Profile = CASE 318-03 TO-236AB 


MMBV109, L, MV209 


ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted.) 


| | Characteristic ~ Ail Types | 


| Reverse Breakdown Voltage 
(IR = 10 pAdc) 


Voitage Leakage Current 


= OR iveist | 


| Reverse 


Aya coe ce er eine. [ 


Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vde, f= 1.0 MHz) | | | | 


Q, Figure of Merit 
Ve = 20 Vee 


i ae 


f= 80 MHz 
(Note 1) . 


pacitance Ratio 


C;, Diode Capacitance 
Va = 3.0 Vde, f = 1.0 MHz 
pr 


Cr, Ca 


FIGURE 3 — LEAKAGE CURRENT 
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= a ee ee ee aa 
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[an] eae 
a ee ee oe 
= a) ea = Beer eee ae 
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|| 0.006 ee PE Ge 
a a —+—}J 
, é . 0.001 L . 

30° 60 90 12 15 8618] 24 27-30 | -60 -40° -20 0 +20 +40 +60. +80 +100 +120 +140 


VR, REVERSE VOLTAGE (VOLTS) 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — DIODE CAPACITANCE NOTES ON TESTING AND SPECIFICATIONS 


1. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the 
specified frequency and substituting in the following equation: 


7 2ntC 
G 


Q 


2. CR is the ratio of Cy measured at 3.0 Vde divided by C; 
measured at 25 Vdc. 


Cy, DIODE CAPACITANCE (NORMALIZED) 


-75 -50 -25 0 +25 +50 +75 +100 = +125 


Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | — — | | 7 
= SEMICONDUCTOR Sa 
TECHNICAL DATA | 


Silicon Epicap Diodes MMBV432L 

... designed for FM tuning, general frequency control and tuning, or any top-of-the-line 7 | 

application requiring back-to-back diode configuration for minimum signal distortion and 

detuning. This device is supplied in the SOT-23 plastic package for high volume, pick 

and place assembly requirements. DUAL 

High Figure of Merit —— Q = 100 (Typ) @ Vp = 2 Vdc, f = 100 MHz | VOLTAGE-VARIABLE 

Guaranteed Capacitance Range . | | | CAPACITANCE DIODE 

Dual Diodes — Save Space and Reduce Cost . | 

Surface Mount Package 

Available in 8 mm Tape and Reel 

Monolithic Chip Provides Improved Matching — Guaranteed + 1% (Max) 
Over Specified Tuning Range 


t + CASE 318-03 | 
: ; ge (TO-236AB) | 


1 2 | Low-Profile 


MAXIMUM RATINGS (Each Diode) 


Reverse Voltage 
Forward Current 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature 
Storage Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Reverse Breakdown Voltage V(BR)R 
(IR = 10 »Adc) 


Reverse Voltage Leakage Current 
‘(VR = 30 Vdc) 


Diode Capacitance 
(VR = 2 Vdc, f = 1 MHz) 


Capacitance Ratio C3/C8 CR | 
(f = 1MHz) | J 


CT 


Figure of Merit* 
(VR = 2 Vdc, f = 100 MHz) 


eee ee 


2 af CT Rs 


MOTOROLA RF DEVICE DATA 


°C) 


Figure 4. Diode Capacitance versus Temperature 


Vp, REVERSE VOLTAGE (VOLTS) 
Ty, JUNCTION TEMPERATURE | 


Figure 2. Figure of Merit versus Voltage 


(G3ZNWWHON) JONVLIOVdv9 3a0id ‘19 


5 


Vp, REVERSE VOLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS (Each Diode) 


200 300 


3 
100 
f, FREQUENCY (MHz) 


50 70. 


CTT ZT 
LUA 1 


2 


30 


20 


Figure 1. Diode Capacitance (Each Diode) 
Figure 3. Figure of Merit versus Frequency 
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LIY3W 40 SYNDI ‘OD 


(4c) JONWLIOVdWd 3aold ‘Lo 


MMBV432L 


0.0472 
2. ANODE 
3. CATHODE 


150 
STYLE 9: 
PIN 1. ANODE 


0.033 


| 


0.0472 | 0.0551 
0.0 


+~ 


1.40 
1.20 


MILLIMETERS | INCHES 
280 -| 304 _{ 0.1102 | 0.1197 | 


1.20 
0.85, 


[ 


1. DIMENSIONING AND TOLERANCING PER Y14.5M, 


NOTES: 


OUTLINE DIMENSIONS 


(TO-236AB) 
Low-Profile 


CASE 318-03 


A 
B 
C 


1982. 
2. CONTROLLING DIMENSION: INCH: 


MOTOROLA RF DEVICE DATA 
5.99 


A 

ALITA 
WNT 
WNT ITAL || 
AEN EIT 


Vp, REVERSE VOLTAGE (VOLTS) 


Figure 5. Reverse Current versus Reverse Voltage | 


(vu) LNSYHND ISHIATY “YI 


MOTOROLA 
| SEMICONDUCTOR & 
TECHNICAL DATA 


‘MMBV2101, L thru (ma 
MMBV2109, L 


MV2101 thru MV2115 


VOLTAGE-VARIABLE 

CAPACITANCE DIODES 
6.8-100 pF 

30 VOLTS 


SILICON EPICAP DIODES 


. CASE 318-02 
CASE 182-02 TO-236AA. 


_.. designed in the popular PLASTIC PACKAGE for high volume. . 


requirements of FM Radio and TV tuning and AFC, general fre- ae 1B “a 
quency contro! and tuning applications; providing solid-state re- | p ;__—_| 
liability in replacement of mechanical tuning methods. | cH 
Also available in Surface Mount package up to 33 pF. oe ie : f 
® High Q with Guaranteed Minimum Values Leathe tye 
® Controlled and Uniform Tuning Ratio : 
® Standard Capacitance Tolerance — 10% - pb} aa) ae : 
® Complete Typical Design Curves i Be a, N 
: F sect aA N 


MILLIMETERS| INCHES 
| min | Max | MIN | MAX | 


STYLE 1: 
PIN 1. ANODE 
2, CATHODE 


CASE 182-02 
MAXIMUM RATINGS 
MV2101 MMBV2101,L 
thru thru a 
MV2115 MMBV2109,L 


Device Dissipation @ Ta = 25°C 
Derate above 25°C 


a M a 
| {MILLIMETERS INCHES 
DIM | MIN | MAX | MIN | MAX 
STYLE 8: | A | 280 | 304 | o.1102-| 0.1197 
PIN 1. ANODE B [120 | 140 | 00472 | 0.0551 
2. NO CONNECTION : Cc 0.85 1,20 0.033 0.0472 
3. CATHODE do [037 | 050 | 0.0150 | 0.020 
F_ | 0085s | 0130 | 0.0034 | 0.0051 | 
G [| 178. [204 | 0.0701 | 0.0807 
CASE 318-02 H | 045 | 060 | 0.0177 | 0.0236 
- « | 010 | 0.25 | 00040 | 0.0098 
TO 236AA L_[.210 | 250 | 0.0830 | 0.0984 | 
SOT-23 |M [045 | 060 | 0.0180 | 0.0236 | 
rs ogo | 1.02 | 0.0350 | 0.0401 
*[K [0013 [010 {0.0005 | 0.0040 


*Low Profile = CASE 318-03 TO-236AB 


MOTOROLA RF DEVICE DATA 


MMBV2101, L thru MMBV2109, L e MV2101 thru MV2115__ 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Reverse Breakdown Voltage. 


(Im = = 10 uAde) 


| Diode Capacitance Temperature Coefficient TCco = 280 | nal ppm/°C 


(VR = 4.0 Vde, f = 1.0 MHz) 


TR, Tuning Ratio 
.C2/C39 
f= 1.0 MHz 


Q, Figure of Merit 
VR = 4.0 Vdc, 
f= 50 MHz 


Cr, Diode Capacitance 
VR = 4.0 Vde, f = 1.0 MHz 


MMBV2101, L/MV2101 
MMBV2102, L/MV2102 
MMBV2103, L/MV2103 
MMBV2104, L/MV2104 
MMBV2105, L/MV2105 


MMBV2106, L/MV2106 
MMBV2107, L/MV2107 
MMBV2108, L/MV2108 
MMBV2109, L/MV2109 


RALINGAN 
IWIVZEIV 


MV2711 
MV2112 
MV2113 
MV2114 


f WivZtIo 


PARAMETER TEST METHODS 


1. Cy, DIODE CAPACITANCE | 
(Opa Ca:4-C il: cr is massired et-1O:Mnavusthg’s eapacieanes 4. TCc, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 


bridge (Boonton Electronics Model 75A or equivalent). TCc is guaranteed by comparing Cy at Vp = 4.0 Vdc, f = 1.0 
MHz, Ta = -65°C with Cry at Vp = 4.0 Vde, f = 1.0 MHz, Ta = 
+85°C in the following equation which defines TCc: 

2. TR, TUNING RATIO 


TR is the ratio of C7 measured at 2.0 Vdc divided by Cy measured TC = cre 85°C) = Cr(-65°C) (eo 0€ 
at 30 Vdc. aa 85 + 65 CR (25°C) 


Accuracy limited by measurement of Cy to + 0.1 pF. 


3. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 
2nf 


Q=—— 
G 


(Boonton Electronics Model 33AS8). Use Lead Length ~ 1/16”. 


MOTOROLA RF DEVICE DATA 
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MMBV2101, L thru MMBV2109, L e MV2101 thru MV2115 


TYPICAL DEVICE PERFORMANCE 


FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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= MMBV2106, UMV2105 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 2 — NORMALIZED DIODE CAPACITANCE 


' FIGURE 3 — REVERSE CURRENT 


versus REVERSE BIAS VOLTAGE 


versus JUNCTION TEMPERATURE | 


AV 


CNN, 
A 


= 25°C 


NORMALIZED TO Cr 
at TA 


Ty, JUNCTION TEMPERATURE (°C) 


Ve, ae VOLTAGE (VOLTS) 
FIGURE 5 — FIGURE OF MERIT versus FREQUENCY 


FIGURE 4 — FIGURE OF MERIT versus REVERSE VOLTAGE 
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f, FREQUENCY (MHz) 


Vr, REVERSE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


BR.98 


; SEMICON DUCTOR EEE 


MMBV3102L 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 


SILICON EPICAP DIODES 


.. designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. | 


@ High QO with Guaranteed Minimum Values at VHF Frequencies 
@ Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 


Rating 


Forward Current 


Device Dissipation @ Ta = 25°C 
Derate above 25°C ~ 


STYLE 8: 
PIN 1. ANODE 
2, NO CONNECTION 
3. CATHODE 


FIGURE 1 — DIODE CAPACITANCE 


| SO oa 
Ee a 
COINS ee 


1. DIMENSIONING AND TOLERANCING PER Y14.5M, 
1982. 
2. CONTROLLING DIMENSION: !NCH: 


— 


MILLIMETERS | INCHES 
pm { MIN | MAX | MIN [ MAX 
[280 [3.04 [| otto2 | o.ttg7 | 


1.20 1.40 0.0472 | 0.0551 _| 


A 

B a 

C | 085 | 120 | 0033 | 0.0472 
p | o37_[ 050 | 0150 [0020 | 
F 
G 
H 


0.088 10.190 [0.0034 | 0.0051 
178 [| 204 | 0.0701 | 0.0807 
045 [060 | o0i77 | o.0236 | 
[“k | o10 [0.25 [0.0040 | 0.0098 | 
a 2.10 | 250 | 0.0830 | 0.0984 
M | 045 | 0.60 | 0.0180 | 0.0236 | 
fis [1.02 [0.0350 | 0.0401 | 
«lk [ 0013 | 010 [| 0.0005 | 0.0040 | 
*Low Profile = CASE 318-03 TO-236AB 


CASE 318-02 
TO-236AA 


Cy, DIODE CAPACITANCE (pF) 


eae 
me eae) ie se 
CO crn CE oil 


_ REVERSE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MMBV3102, MMBV3102L 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic—All Types Symbol 


| Reverse Breakdown Voltage 
(IR = 10 pAdc) 


Cr, Diode Capacitance 
VR =3.0 Vdc, f= 1.0 MHz 
pF 


Fes 


O, FIGURE OF MERIT (X 1000) 


ALENT 
UT Ne 
AEE 
KUTT TTI, 


Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — DIODE CAPACITANCE 


Cy, DIODE CAPACITANCE (NORMALIZED) 


-15 50-25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 
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‘ER, REVERSE CURRENT (nA) 


Q, Figure of Merit Cr, Capacitance Ratio. 
VR = 3.0 Vde C3/Co5 
f = 50 MHz 


ice (eae Geet 
ae ee 
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oe a 
ee ee 
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as Roe es 
Ezines IESE AIR Tale neriel 
ieee eae rene 
el ee ee 
aie Sees 


~60 -20 +20 +60 +100 +140 | 


TA, AMBIENT TEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 


. Lg is measured on a package having a short instead of a die, using an 


impedance bridge (Boonton Radio Model 250A RX Meter). 


. Cc is measured on a package without a die, using a capacitance 


bridge (Boonton Electronics Model 75A or equivalent). 


. Q is calculated by taking the G and C readings of an admittance 


bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


2nfC . 
G 


Q= 


4, CR is the ratio of Cy measured at 3.0 Vde divided by Cy measured. 


at 25 Vde. 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR ye 


TECHNICAL DATA ;  MMBV3401 
MMBV3401L 


SILICON PIN 
SWITCHING DIODE 


I 
H 
SILICON PIN DIODE 
| 


... designed primarily for VHF band switching applications but 

also suitable for use in general-purpose switching and attenuator 

circuits. Supplied in a Surface Mount package. 

® Rugged PIN Structure Coupled with Wirebond Construction for 
Optimum Reliability 

® Low Capacitance — 0.7 pF Typ at Vp = 20 V 


® Very Low Series Resistance at 100 MHz — 0.34 Ohms (Typ) 
@ Ip = 10 mAdc 


MAXIMUM RATINGS 


Rating 


STYLE 8: 
PIN 1. ANODE 
2. NO CONNECTION 
3. CATHODE 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 


paseo 


‘Characteristic Symbol} Min Typ C pr 
Reverse Breakdown Voltage a a _t 


(IR = 10 uA) fi. lm os; 


Diode Capacitance NOTES: 


VR =20V . 1. DIMENSIONING AND TOLERANCING PER Y14.5M, 
1982 


Series Resistance (Figure 5) : CONTROLLING DIMENSION: INCH: 
IF = 10mA f = 100 MHz 
(IF a oan UTES INCHES 
. | MIN [MAX [MIN | 


Reverse Leakage Current 
(VR = 25 V) 


*Low Profile = CASE 318-03 TO-236AB 


CASE 318-02 
TO-236AA 


MOTOROLA RF DEVICE DATA 
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Rs, SERIES RESISTANCE (OHMS) 


CT, DIODE CAPACITANCE (pF) 


3V3401, MMBV340i1L 


TYPICAL ELECTRICAL CHARACTERISTICS 


_ FIGURE 1 — SERIES RESISTANCE 


ae Ta = 25°C 


0 1 


8. 


EVaan 


| 0 1 
Ip, FORWARD CURRENT (mA) 


FIGURE 3 — DIODE CAPACITANCE 
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VR, REVERSE VOLTAGE (VOLTS) 


if, FORWARD CURRENT (mA) 


IR, REVERSE CURRENT (uA) 
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FIGURE 2 — FORWARD VOLTAGE 


Ve, FORWARD VOLTAGE (VOLTS) 


FIGURE 4 — LEAKAGE CURRENT 


, a 


+20 +60 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 500 2 
Hi ee 
Boonton és D i Power Sup| ly 
Model 33A or B B a a: 
Lo - 


For test fixture, leads should be as 


All measurements @ 100 MHz short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 


the forward. capacitance of the circuit and to prevent shorting of 


the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. - 


R90 


2. 


MOTOROLA RF DEVICE DATA 


Use a short length of wire to short the test circuit from 
point ‘‘A’’ to ‘‘B"’. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 


- Adjust the capacitance scale arm of the bridge and the ‘‘G’’ 


zero control for a minimum null on the ‘‘null meter”. 
The null occurs at approximately 130 pF. 


Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 


a 


Obtain. a minimum null on the “‘null meter’, with the 
capacitance and conductance scale adjustment arms. 


Read conductance (G) direct from the scale. Now read 


- the capacitance value from the scale (130 pF) and sub- 


tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 


2.533G 
Rs = a 
Where: 
G — in micromhos, 
C—inpF, 


Rs — in ohms 


MOTOROLA 
= SEMICONDUCTOR xy MMBV37/00 


TECHNICAL DATA | - _MMBV3700L 
| MPN3700 


r— are : . 
| m | | SILICON PIN | 
| 


ee 
a 


| niGH VOLTAGE SILICON PIN DIODE 


CASE 318-02 


te wie es ‘it se iit CASE 182-02 TO-236AA 
... designed primarily for VHF band switching applications but TO-226AC SOT-23 


also suitable for use in general-purpose switching and attenuator 
circuits. Supplied in a cost effective plastic package for econom- 
ical, high-volume consumer and industrial requirements. 


P 
@® Long Reverse Recovery Time ers is 
trr = 300 ns (Typ) | Pane? |H]: 


® Rugged PIN Structure Coupled with Wirebond Construction 
for Optimum Reliability 


@ Low Series Resistance @ 100 MHz — 
Rs = 0.7 Ohms (Typ) @ If = 10 mAdc ae 


@ Reverse Breakdown Voltage = 200 V(Min) ; SECT oA 


inal MILLIMETERS INCHES 
Tin Tmax yf win [max | 


| a | 432 | 533 | 0.170 [0.210 | 
, 8B 1445 | 6.21 
STYLE 1: 


PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC 


Reverse Voltage 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Storage Temperature Range Tstg 


Characteristic 


Reverse Breakdown Voltage 
(IR = 10 pA) - 


Diode Capacitance Cr 
(VR = 20 Vdc, f = 1.0 MHz) 
Series Resistance (Figure 5) Rs 


(Ip = 10 mA) 


Reverse Leakage Current 
(VR = 150 Vdc) 


ae 
~~ 
[@) 
oO 
z= 
5 
nn 


Symbol 


V(BR)R 


t 
re 


MILLIMETERS INCHES 
__ MIN MAX 


0.1102 | 0.1197 
0.0472 | 0.0551 
0.033} 0.0472 
0.0150 |, 0.020 
0.0034 | 0.0051 
0.0701 | 0.0807 
{0.0177 | 0.0236 
0.0040 | 0.0098 
0.0830 | 0.0984 
0.0180 } 0.0236 
0.0350 | 0.0401 
0.0005 | 0.0040 
*Low Profile = CASE 318-03 TO-236AB 


STYLE 8: 
PIN 1. ANODE 
2. NO CONNECTION 
3. CATHODE 


—_ 
= 
ao] 


Reverse Recovery Time 
(IF = IR = 10 mA) 


CASE 318-02 
TO-236AA 
SOT-23 


FSS |H RIV [MN|O]Q |wo |p 
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MMBV3700, MMBV3700L, MPN3700 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 = SERIES RESISTANCE FIGURE 2 — FORWARD VOLTAGE 
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Rs, SERIES RESISTANCE (OHMS) 


Ip, FORWARD CURRENT (mA) “a : _ Vg, FORWARD VOLTAGE (VOLTS) 

FIGURE 3 — DIODE CAPACITANCE FIGURE 4 — LEAKAGE CURRENT 
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FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 500 0 2. Wises a ahiort length of wire to ion the test circuit on point 
ieee = "aes “A” to “B’. Then connect the power supply providing 10 mA 
of bias current to the test circuit. 
Boonton UT 3. Adjust the capacitance scale arm of the bridge and the “G”"’ 
D.U.T. Power Supply aes i i 
Model 33A or B B zero control for a minimum null on the “‘null meter’. The 
null occurs at approximately 130 pF. Ls 
e : 4. Replace the wire short with the device to be tested. Bias 
| For test fixture, leads should , | the device to a forward conductance state of 10 mA. 
All measurements @ 100 MHz be as short as possible. 5. Obtain a minimum null on the ‘null meter’, with the ca- 
3 pacitance and conductance scale adjustment arms. 
To measure series resistance, a 10 pF capacitor is used to reduce 6. Read conductance (G) direct from the scale. Now read the 
the forward capacitance of the circuit and to prevent shorting of capacitance value from the scale (~130 pF) and subtract 
the external power supply through the bridge. The small signal 120 pF which yields capacitance (C). The forward resistance 
from the bridge is prevented from shorting through the power (Rs) can now be calculated from: 
supply by the 500-ohm resistor. The resistance of the 10 pF ca- 2533G 
pacitor can be considered negligible for this measurement. .— Rs = ———— 
1. The RF Admittance Bridge (Boonton 33A or B) must be ini- c2 
tially balanced, with the test circuit connected to the bridge Where: 
test terminals. The conductance scale will be set at zero G — in micromhos, 
and the capacitance scale will be set at 120 pF, as required C — in pF, 
when using the 100 MHz test coil. Rs — in ohms 
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MOTOROLA 
SEMICONDUCTOR |! 
TECHNICAL DATA 


| 
SILICON PIN 
SWITCHING DIODE 


. Gesigned primarily for VHF band switching applications but. 
also suitable for, use in general-purpose switching and attenuator 
Circuits. Supplied in a cost effective TO-92 type plastic package for 
economical, high-volume consumer and industrial requirements. 


@ Rugged PIN Structure Coupled with Wirebond Construction 
for Optimum Reliability . 


@® Low Series Resistance @ 100 MHz — . on, 
Rs = 0.7 Ohms (Typ) @ If = 10 mAdc | , Cathode 


® Sturdy TO-92 Style Package for Handling Ease 


MAXIMUM RATINGS 


Rating 
| Reverse Voltage - SEATING . 
I PLANE 


Forward Power Dissipation @ Tg = 25°C Pe 


Derate above 25°C 


Storage Temperature Range ee 


Characteristic 


Reverse Breakdown Voltage 
(tmp = 10 pA) 


Diode Capacitance ae 
(VR = 15 Vdc, f = 1.0 MHz) : 


. STYLE 1: 


Series Resistance (Figure 5) om Fea lab 
(Ie = 10 mA) aioe a 
Reverse Leakage Current | 
(VR = 15 Vdc) mane 


All JEQEC dimensions and nates apply 


CASE 182-02 
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MPN3404 


Rs, SERIES RESISTANCE (OHMS) | 


Cy, DIODE CAPACITANCE (pF) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — SERIES RESISTANCE 
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FIGURE 3 — DIODE CAPACITANCE 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 2 — FORWARD VOLTAGE 
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FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHCD 


10 pF 
: 500 © 
it el 
A 
Boonton 
Model 33A or B 8 D.U.T Power Supply 


= For test fixture, leads should be as 
All measurements @ 100 MHz short as possible. 
To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The smal! signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminalis. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point ‘A’ to "“B". Then connect the power supply pro- | 
_ viding 10 mA of bias current to the test circuit. ; 


3. Adjust the capacitance scale armof the bridge and the ‘‘G”’ 
zero control for a minimum null on the ‘‘null meter”. 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the ‘‘null meter’, with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 

"resistance (Rs) can now be calculated from: 


= 2.533G 
S = 
c2 
Where: 
G — in micromhos, 
C —inpF, 


Rs — in ohms 


MOTOROLA RF DEVICE DATA 


5-33 


MOTOROLA 


= SEMICONDUCPRG I 
TECHNICAL DATA 


DUAL 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


SILICON EPICAP DIODES 


... designed for FM tuning, general frequency control and tuning, or 
any top-of-the-line application requiring back-to-back diode configu- 
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO-92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 
® High Figure of Merit — 

Q= 140 (Typ) @ VR = 3.0 Vdc, f = 100 MHz 

Guaranteed Capacitance Range 

37— 42 pF @ VR = 3.0 Vde (MV 104) 
Dual Diodes — Save Space and Reduce Cost 
TOQ-92 Package for Easy Handling and Mounting 


Monolithic Chip Provides Near Perfect Matching — Guaranteed 
+ 1% (Max) Over Specified Tuning Range. 


IMAXIMUM RATINGS (Each Device) 


SEATING [ 
PLANE 
F 


STYLE 15: 
PINT. ANODE] ~ 
2. CATHODE 


3. . ANODE 2 
REN 


Reese 
ees 

aa 

a See Reae 


call | 
te 
it 


Cy, DIODE CAPACITANCE (pF) 


ieee 
1.0 0 5.0 10 


20° 3: | 
Vp, REVERSE VOLTAGE (VOLTS) 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-226AA 
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MV104 


25°C unless otherwise noted, Each Device) 


ELECTRICAL CHARACTERISTICS (Ta = 


- Characteristic—All Types 


Reverse Breakdown Voltage. 


(1Q = 10 wAdc) 


25°C 


Reverse Voltage Leakage Current Tp 


= 30 Vdc) 


(VR 


Diode Capacitance Temperature Coefficient 


4.0 Vdc, f = 1.0 MHz) 


(VR 


Cr, Capacitance Ratio 


a 
Oo 
Cc 
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Q, Figure of Merit — 


3.0 Vde 


VR 


3.0 Vdc, f= 1.0 MHz 


f = 100 MHz 


VR 


TYPICAL CHARACTERISTICS (Each Device) 


FIGURE 3 — FIGURE OF MERIT versus FREQUENCY 


FIGURE 2 — FIGURE OF MERIT versus VOLTAGE 
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FIGURE 5 — REVERSE CURRENT versus REVERSE VOLTAGE © 


FIGURE 4 — DIODE CAPACITANCE versus TEMPERATURE 
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MOTOROLA 


MV1401, H 
MV1403, H 
MV1404, H 
MV1405,H 


HIGH TUNING RATIO 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


SILICON HYPER-ABRUPT TUNING DIODES | 


120-550 oF 
12 VOLTS 


. designed with high capacitance and a capacitance change of 
greater than TEN TIMES for a bias change from 2 to 10 volts. 
Provides tuning over broad frequency ranges; tunes AM radio 
broadcast band, general AFC and tuning applications in lower 
RF frequencies. 

@ High Capacitance: 120-550 pF 

@ Large Capacitance Change with Small Bias Change 
® Guaranteed High @)] 

@ Available in Standard Axial Glass Packages 

® H Suffix Devices with 100% Screening | 


MV 1403 | 
apes case 8 
ae DO-204AA 

} (DO-7) 


MvV1401 ee 146 


DO-204AB 
(DO-14) 


B 
asi! 


| 


100% SCREENING FOR HIGH RELIABILITY | | =H 


MV1401H, MV1403H, MV1404H, MV1405H are screened with the re 
| tollowing tests: 


internal Visual inspection 


per .12M53957B (MIL-STD-750 METHOD 2072 PARAGRAPH 3.3 AND 
METHOD 2074 PARAGRAPH 3.1.3) 


High Temperature Storage 
TA =.200°C, t > 48 hours 
Thermal Shock (Temperature Cycling) 
MIL-STD-202, Method 107, Condition C except 10 cycles 
continuously performed 
_. t(extremes) = 15 minutes 
‘Constant Acceleration 
-MIL-STD-750, Method 2006 
20,000 G’s (Y1 axis only) 
Hermetic Seal 
MIL-STD-750, Method 1071 
~ Fine Leak - Condition G 
Gross Leak - Condition C, Step 1 


- Electrical Test 

IR and CT 

High Temperature Reverse Bias 
TA = 120°C + 5°C, t= 96 hours 
VR = 80% of ViBR)R MIN 

_ Lower temperature till Ta = 30+5°C. 
Maintain this temperature prior to removal of Reverse Bias 
Voltage. Perform Electrical Test within 24 hours following 
bias removal. 


All JEDEC dimensions and notes apply 


CASE 51-02 


STYLE 1: 
PIN 1. CATHODE 
2. ANODE 


Electrical Test 
IR and CT 


All JEDEC dimensions and notes apply. - 


CASE 146-01 
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MV1401, H ¢ MV1403, H e MV1404, H e MiV1405, H 


MAXIMUM RATINGS 


Reverse Voltage | 


Forward Current 


Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature 
Storage Temperature Range 


Reverse Breakdown Voltage 
(IR = 10 pAdc) 


Leakage Current at Reverse Voltage 
(VR = 10 Vde, Ta = 25°C) 


Series Inductance 
(f = 250 MHz, Lead Length = 1/16”) 


Case Capacitance 
(f= 1.0 MHz, Lead Length ~ 1/16”) 


VR = 1.0 Vde, f= 1.0 MHz | Vp = 2.0 Vdc, f = 1.0 MHz C2/C19 | 
pF f= 1.0 MHz f= 1.0 MHz f= 1.0 MHz 
ene re Fes a a) 
MV1401, H = Se a3 


14 
MV1403, H 
MV1404, H 
MV1405, H 


PARAMETER TEST METHODS 


1. Lg, SERIES INDUCTANCE . . FIGURE 1 — DIODE CAPACITANCE versus 
Ls is measured on a shorted package at 250 MHz using an REVERSE VOLTAGE 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. Cc, CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent). 


3. Cy, DIODE CAPACITANCE 
(Cp =Cc+Cy) CT is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


4. TR, TUNING RATIO 
TR is the ratio of Cj measured at 2.0 Vdc (1.0 Vde for MV 1401) 
divided by C7 measured at 10 Vdc. 


5. Q, FIGURE OF MERIT , 
Qis calculated by taking the G and C readings of anadmittance 
bridge at the specified frequency and substituting in the follow- 


Ing. equation. “oO 10 20 30 40 50 60 70 80 90 10 
QnfC Vp, REVERSE VOLTAGE (VOLTS) 


Cy, CAPACITANCE (pF} 
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G 
(Boonton Electronics Model 33AS8). Use Lead Length = 1/16”. 
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MOTOROLA 7 
as SEMICONDUCTOR sum 
TECHNICAL DATA 


MVAM108 

MVAM109 

MVAM115 
MVAM125 


TUNING DIODES 
WITH VERY HIGH 
CAPACITANCE RATIO 


SILICON TUNING DIODE 


~... designed for electronic tuning of AM receivers and high 
capacitance, high tuning ratio applications. 
@ High Capacitance Ratio — Cp = 15 (Min), 
MVAM 108, 115, 125 | 
@ Guaranteed Diode Capacitance — Cy = 440 pF (Min) — 
560 pF (Max) @ Vp = 1.0 Vde, f = 1.0 MHz, 
MVAM108, MVAM115, MVAM125 


@ Guaranteed Figure of Merit — 
O = 150 (Min) @ Vp = 1.0 Vdc, f = 1.0 MHz. 


MAXIMUM RATINGS 


Reverse Voltage. 


MVAM 108 
MVAM 109 


RAVJAR AA APE 
WIVAAIVET Lo 


MVAM 125 


Forward Current 


Power Dissipation @ Ta = 25°C 


Merate Absyve 25°C 


B Efe 34 
A 
: P 7 N é 
mw EA} 
miAl/or fo. , 
elcome SEATING : ! 
PLANE? ‘ 


-65 to +125 


Operating and Storage Junction 
Temperature Range 


FIGURE 1 — TYPICAL AM RADIO APPLICATION | 


STYLE 1: 
PIN 1. ANODE 
2. CATHODE 


Tuning Voltage 


All JEDEC dimensions and notes apply 


MVAMxxx 4 | 


CASE 182-02 
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MVAM108, MVAM109, MVAM115, MVAM125 | 
ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted, Each Device) 


Characteristic — All Types 


Breakdown Voitage 
(IR = 10 wAdc) MVAM108 
MVAM109 
MVAM115 
MVAM125 


Reverse Current 
(VR = 8.0 V) MVAM 108 
(Va = 9.0 V) MVAM109 
' (Vp = 15 V) MVAM115 
(VR = 25 V) MVAM125 


Diode Capacitance Temperature Coefficient (1) | 
(Vp =.1.0 Vdc, f = 1.0 MHz, Ta = -40°C to +85°) 


Case Capacitance 
(f= 1.0 MHz, Lead Length 1/16”) 


Diode Capacitance (2) © 
(Vp = 1.0 Vdc, f = 1.0 MHz) MVAM108, 115, 125 
MVAM109 


Figure of Merit 
(f = 1.0 MHz, Lead Length 1/16”) 


Capacitance Ratio . | . 
(f = 1.0 MHz) . MVAM108 C1/C8 
MVAM109 C1/C9 
MVAM115 C1/C15 
- MVAM125 C1/C25 


Notes: 
(1) The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per °C is nearly constant from -40°C to +100°C. 
(2) Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) atall points 
along the specified tuning range. 


FIGURE 2 — CAPACITANCE versus REVERSE VOLTAGE | FIGURE 3 — FIGURE OF MERIT 
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7. 
VR. REVERSE VOLTAGE (VOLTS) 
Vp, REVERSE VOLTAGE (VOLTS) 
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Technical Information 
Transistor Design 
Application Notes 
Reliability and 

Quality Assurance 


RF TRANSISTOR DESIGN. 


Class C Power 


The primary c orde 


ancern of the RF transistor designer 
is meeting the requirements for output power, gain, 
and ruggedness at the specified frequency and 
supply voitage. 

Most RF applications typically require 12.5 or 28 
volt operation of a power device in a mobile trans- 
mitter, base station, or avionics application. This 
choice dictates the epitaxial layer resistivity. Low 
resistivity, about 1 ohm/cm, is used for mobile 
devices, while 28 V base station and avionics devices 
are usually built using epi with 2 ohm/cm resistivity. 
Epi resistivity controls collector breakdown voltage, 
since the resistivity value determines the maximum 
possible breakdown voltage. Typically, a particular 
device rarely achieves this bulk breakdown value 
because of junction curvature and surface effects. 
When high voltages are present in an amplifier, 
high breakdown voltages are needed if the transistor 
is to survive. High voltage breakdowns are usually 
obtained by such added features as collector 
depletion rings, or by a high voltage diffusion 
surrounding the relatively shallow RF _ base 
diffusion. Voltages in excess of 150 volts are easily 
obtained this way. 

Gutput power is determined primarily by the 
“electrical size’’ of the chip. Two common methods 
of sizing are emitter diffusion periphery and base 
diffusion area. Emitter periphery sizing is based on 
the premise that there is some optimum current 
which should be injected for each mil of emitter 
periphery. The base area sizing is based on an 
optimum power density. Both of these techniques 
are oversimplifications which make it impossible 
to apply them to widely varying device geometries 
and applications. Motorola uses a different method 
of sizing based on each geometry’s Current Factor. 
Current Factor values are obtained by considering 
both emitter periphery effects and power density. 
Proper weighting of both factors makes this 
technique of sizing widely applicable. No matter 
what sizing technique is chosen, the end result is that 
greater power- handling capability requires larger 
chips. Small-signal devices, with only a few 
L milliwatts of output power, and large devices with 

100 watts output, range from current factors of 


only 1 to nearly 2000. 

An alternative approach to high output power is 
to use several smaller chips in parallel. Unless extreme 
care is taken, this approach can result in unequal 
current and power sharing. Single large chips are 


aiso susceptibie to this sharing probiem uniess 
specific steps are taken to ensure even current 
distribution. The primary method of handiing this 
problem is by the use of well-designed emitter 
resistor layouts. The lowest-value of emitter resistance 
on a chip is chosen to prevent thermal runaway up 
to the highest temperatures tne device may encounter, 
possibly. up to 300°C during output impedance 
mismatch conditions. An appropriate matrix of 
emitter resistance values is constructed so that the 
overall current distribution among the many parallel 
emitter sites results in an even thermal distribution. 
Verification of thermal balance is obtained by 


precise infrared microscope measurements across 
the entire chip. 
The thermal balance of larger chips is also | 


improved considerably by ‘‘cell spreading.” In this 


-techique the base diffusion area is broken up into 


smaller areas, or cells, and each cell is sufficiently 
removed from those adjacent to eliminate thermal 


“Th, a he 
pie Fee 


interaction. is to achieve 
thermal resistance. This is exceedingly important 
in large devices where high power dissipation levels 
can cause excessive junction temperature when 
thermal resistance is not minimized. Some symptoms 
of excessively high temperature operation are low 
efficiency, power slump, and, frequently, total 
device failure. 

The overall ruggedness of a transistor is enhanced 
by many techniques. All of them are aimed at 
preventing two things: junction breakdown due to 
excessive voltages and failure due to hot-spotting. 
Here again, epitaxial layer resistivity and thickness 
are used to alter breakdown voltages and saturated 
Output power. Thermal balancing by base cell 


effect iower 


_ spreading and using emitter resistors also has a strong 


effect on ruggedness. These techniques are com- 
monly referred to as collector and emitter ballasting. 
Ballasting of either type can improve ruggedness for 
a fixed geometry size (current factor), but there is 
a definite trade-off with gain. Usually increasing 
ruggedness requires decreasing gain unless one is 
willing to pay the penalty of the cost of larger die. 

Large die can also adversely affect gain, since it 
is a practical fact that gain decreases by 2 dB for 
each doubling in current factor. To offset this gain: 
decrease, the designer has another’ technique 
available—increase the packing denisty within the 
chip. The most common method of measuring 


Packing density is with the figure of merit obtained 
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DESIGN 


RF TRANSISTOR 


from the ratio of emitter periphery (Ep) to base 


area (BA) of the chip. Higher Ep/Ba ratios result 
in higher gain. Typically, Ep/Ba ratios are as shown 
in the table. 


| Ep/Ba | FREQUENCY | GEOMETRY TYPE | 


3-30 MHz 
VHF 


interdigitated 
interdigitated or. 
Spine (Overlay) | 


UHF Spine (Overlay) or 
| : | Mesh (Network) 
| 800-900 MHz | 


Mesh 


Higher Ep/Ba ratios generally mean greater 


processing difficulties. These difficulties are 
somewhat offset by the choice of geometry type. 
Fundamentally, the interdigitated geometry requires 
narrow spacing between emitter and base fingers 
and narrow finger widths. The maximum Ep/Ba 
ratio obtainable with an interdigitated structure of 
uniform spacing “’S”’ is given by 


0.45 


(Ep/Ba) MAX = ; 


Spacings of 0.08 mil are the minimum easily 
_ obtainable with current technology, giving a maxi- 
mum figure of merit of 5.6. Actual devices with this 
spacing are usually about 4.5. Building a large power 
device using this geometry calls for a great many 
narrow metallization fingers. 


Resistors 


Enlargement of this “interdigitated” 
geometry shows emitter resistors that 
have been added to balance the current 
throughout the chip. 


This approach increases the probability of a 
_ metallization defect linking adjoining fingers and 


nm 
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nm 


enhances failures due to metal migration. The spine 
or mesh geometries used for higher figure of merit 
do not completely relieve the tight spacing require-_ 
ments.-In both cases, tight metal spacing is relieved 
while diffusion spacings are not. For example, 
4.5 is the maximum Ep/Bag ratio for a 0.1 mil 
spacing with an interdigitated device. Motorola’s 
family of UHF power devices MRF641 (15 watt), 
MRF644 (25 watt), MRF646 (45 watt), and 
MRF648 (60 watt) are constructed using a split 
mesh (adjoining emitter fingers are not  inter- 
connected). All four devices have an Ep/Ba ratio of 
4 and are built with a 0.1 mil spacing between 
adjacent emitter and P+ diffusion areas. Similar tight 
spacing is required in the mesh geometry used for 
the 800-900 MHz 7, 20, 30, and 40 watt devices. 
Here the spacing is reduced to 0.06 mil, using a mesh 
geometry. Without tight spacing of emitter to P+ 
such as these devices have, high Ep/B, ratios will 
not produce good gain. The introduction of the P+ is 
required to maintain full utilization of all elements 
of the emitter periphery. Introducing undulations 
in the shape of the emitter to increase the periphery 
without a closely spaced P+ will cause some elements 
of the periphery to be debiased due to uneven base 
voltage drops. 

The metal migration failure rate as measured by 
MTBF (Mean Time Before Failure) depends on 
current density, metallization cross-sectional area, 
and. activation energy. Activation energy may be 
varied by the choice of metallization with gold and 
aluminum being the two most common choices. 
Motorola uses gold metallization for both avionics 
and 28 volt base station devices where continuous 
operation is anticipated. Mobile devices are usually 
constructed of aluminum. In either case, devices are 
designed for a minimum of 10 years MTBF. 


Linear Power 


Linear operation is usually accomplished by 
building the same type of transistor structure as used 
in Class C operation. The major difference is the 
linearity requirements force the use of devices with 
larger current factors. They are also usually fabricated 
with slightly lower collector resistivity. The combi- 
nation of these factors allows the device to maintain 
good linearity with high power output levels. 
Motorola has led the industry with its family of SSB 
large-chip transistors, MRF421, MRF422, MRF428. 
These chips are large, 140 X 250 mils, and have 
Current Factors approaching 2000. The higher 
voltage devices are built using a combination of both 
depletion rings and deep P+ high voltage diffusions. 
All feature thermal ballasting through emitter 
resistor matrices. oe 
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Nichrome t 
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ASE sl = 


Rase Contact 
Area 


Overlay Structure. Individual emitter cell blocks are dif- 
fused into a common base region. Emitter interconnection 
runs are made over a passivating silicon dioxide layer, re- 
ducing the need for critically thin interdigitated metal 
fingers. 


AL Base H 


Emitter Contact (MESH) N+ Emitter Base Contact 


Areas | Areas 
AL 
; Base Emitter Contact Areas Base AL 


Contact "| Contact 


Network Emitter Structure. This structure maximizes emit- 
ter periphery to base area ratio but pays for it with increased 
production difficulty and increased contact resistance. 
Motorola employs a thin nichrome barrier (not shown) 
between the silicon and the aluminum metalization in most 
network emitter and overlay devices to prevent aluminum 
metal migration thus improving long-term reliability. 
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devices are constructed from the 


Small-signal 
same types of geometries as used for power devices 
except on a much smaller scale of Current Factor. 


off 
oiviciii 


géomeiries aa 
reduction due to size, allowing the use of lower 
Ep/Ba, ratios for equivalent gain. 


The not suifer from the gain 


Quite commonly, small-signal transistors are not 


only required to have a minimum gain, but also 
a minimum f;. This parameter is a measure of the 
total emitter-to-collector transit time. As the collec- 
tor current is increased, the value of f; increases 
initially, peaks, and then finally decreases. The peak 
value is determined by the base and emitter region 
transit times. This parameter is controlled by both 
the base junction depth and the emitter doping 
species. Using conventional diffusion processes 
with a single base and emitter diffusion, maximum 
achievable f; for NPN transistors is about 3-4 GHz 
without severely degrading the normally desirable 
dc characteristics, namely BVceo and hee. 

The logical solution is to use arsenic as the 
emitter dopant species. Arsenic has an advantage 
over the more commonly used phosphorus diffusion 
source. The concentration dependent diffusivity of 
arsenic causes a very abrupt emitter profile. The 
increased profile gradient reduces the storage of 
free’ carriers in the emitter space charge layer, 
reducing the layer transit time, and increasing fy. 
Unfortunately, arsenic diffusion technology is 
difficult at best. 

The simplest method for using arsenic as a dopant 
species is to implant it. Motorola has recently introduced 
transistors with implanted arsenic emitters. These de- 
vices have typical f, of 8 GHz without sacrificing dc char- 
acteristics. _ 

A. family of low noise devices has also been 
fabricated using similar processes. Low noise figure 
(N F) places additional requirements on both f;, the 
doping density of the base under the emitter, and 
the . emitter diffusion width. Through — special 
controlled processing, excellent NF values are 
obtained in the 1 to 2 GHz region. This performance 
requires high f,, low base spreading resistance, and 
0.05 mil wide arsenic implanted emitters. 
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FIELD EFFECT TRANSISTORS IN THEORY AND PRACTICE 


INTRODUCTION 


There are two types of field-effect transistors, the 
Junction Field-Effect Transistor (JFET) and the “Metal- 
Oxide Semiconductor” Field-Effect Transistor (MOSFET), 
or Insulated-Gate Field-Effect Transistor (IGFET). The 
principles on which these devices operate (current con- 
trolled by an electric field) are very similar — the primary 
difference being in the methods by which the control ele- 
ment is made. This difference, however, results in a con- 
siderable difference in device characteristics and necessitates 
variances in circuit design, which are discussed in this note. 


SOURCE 
N-Channel JFET 


SOURCE 0. 
P-Channel JFET 


JUNCTION FIELD-EFFECT TRANSISTOR (JFET) 


In its simplest form the junction field-effect transistor 
starts with nothing more than a bar of doped silicon that 
behaves as a resistor (Figure la). By convention, the ter- 
minal into which current is injected is called the source 
terminal, since, as far as the FET is concerned, current 
originates from this terminal. The other terminal is called 
the drain terminal. Current flow between source and drain 
is related to the drain-source voltage by the resistance of 
the intervening material. In Figure 1b, p-type regions have 
been diffused into the n-type substrate of Figure la leaving 
an n-type channel between the source and drain. (A 
complementary p-type device is made by reversing all of 
the material types.) These p-type regions will be used to 
control the current flow between the source and the drain 
and are thus called gate regions. 

As with any p-n junction, a depletion region surrounds 
the p-n junctions when the junctions are reverse biased 
(Figure 1c). As the reverse voltage is increased, the deple- 
tion regions spread into the channel until they meet, crea- 
ting an almost infinite resistance between the source and 
the drain. . 

If an external voltage is applied between source and 
drain (Figure 1d) with zero gate voltage, drain current flow 
in the channel sets up a reverse bias along the surface of 
the gate, parallel to the channel. As the drain-source volt- 
age increases, the depletion regions again spread into the 
channel because of the voltage drop in the channel which 
reverse biases the junctions. As Vps is increased, the deple- 
tion regions grow until they meet, whereby any further 
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increase in voltage is counterbalanced by an increase in the 
depletion region toward the drain. There is an effective 
increase in channel resistance that prevents any further 
increase in drain current. The drain-source voltage that 
causes this current limiting condition is called the “pinch- 
off” voltage (Vp). A further increase in drain-source volt- 
age produces only a slight increase in drain current. 

The variation in drain current (Ip) with drain-source 
voltage (Vps) at zero gate-source voltage (VGS) is shown 
in Figure 2a. In the low-current region, the drain current: 
is linearly related to Vps. As Ip increases, the “channel” 
begins to deplete and the slope of the Ip curve decreases. 
When the Vpg is equal to Vp, Ip “saturates” and stays 
relatively constant until drain-to-gate avalanche, VBR(DSS) 
is reached. If a reverse voltage is applied to the gates, 
channel pinch-off occurs at a lower Ip level (Figure 2b) 
because the depletion region spread caused by the reverse- 


SOURCE 


FIGURE 1 — Development of Junction 
Field-E ffect Transistors 


Visrj pss 
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FIGURE 2 — Drain Current Characteristics 
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biased gates adds to that produced by Vps. Thus reducing 
the maximum current for any value of Vps. 

Due to the difficulty of diffusing impurities into both 
sides of a semiconductor wafer, a single ended geometry is 


he ee er 


normally used instead of the two-sided structure discussed 


above. Diffusion for this geometry (Figure 3) is from one 

sid he substrate is of p-type material onto which 
an n-type channel is grown epitaxially. A p-type gate is 
then diffused into the n-type epitaxial channel. Contact 
metalization completes the structure. 

The substrate, which functions as Gate 2 of Figure 1, 
is of relatively low resistivity material to maximize gain. 
ror the same purpose, Gate 1 is of very low sesistivity 
material, allowing the depletion region to spread mostly 
into the n-type channel. In most cases the gates are intern- 
ally connected together. A tetrode device can be realized 


by not making this internal connection. 


GATE 


SUBSTRATE SUBSTRATE 


GATE GATE 


SUBSTRATE 


TYPE B 


SUBSTRATE 
SOURCE 


N-Channel MOSFET P-Channel MOSFET 


MOS FIELD-EFFECT TRANSISTORS (MOSFET) 


The metal-oxide-semiconductor (MOSFET) operates 
with a slightly different control mechanism than the JFET. 
rigure 4 shows the development. The substrate may be 
high resistivity p-type material, as for the 2N4351. This 
time two separate low-resistivity n-type regions (source and 
drain) are diffused into the substrate as shown in Figure 4b. 
Next, the surface of the structure is covered with an insu- 
lating oxide layer and a nitride layer. The oxide layer 
serves as a protective coating for the FET surface and to 
insulate the channel from the gate. However the oxide is 
subject to contamination by sodium ions which are found 
in varying quantities in all environments. Such contamina- 
tion results in long term instability and changes in device 
characteristics. Silicon nitride is impervious to sodium 
ions and thus is used to shield the oxide layer from conta- 
mination. Holes are cut into the oxide and nitride layers 
allowing metallic contact to the source and drain. Then, 
the gate metal area is overlayed on the insulation, covering 
the entire channel region and, simultaneously, metal con- 
tacts to the drain and source are made as shown in Figure 
4d. The contact to the metal area covering the channel is 
the gate terminal. Note that there is no physical penetra- 
tion of the metal through the oxide and nitride into the 
substrate. Since the drain and source are isolated by the 
substrate, any drain-to-source current in the absence of 
gate voltage is extremely low because the structure is 
analogous to two diodes connected back to back. 

The metal area of the gate forms a capacitor with the 
insulating layers and the semiconductor channel. The metal 


area is the top plate; the substrate material and channel 
are the bottom plate. 

For the structure of Figure 4, consider a positive gate 
potential (see Figure oe Positive charges at the metal side 
of the metal-oxide capacitor induce a corresponding nega- 
tive sas at the a side. As the positive 


charge at aan P| ese anal?? 
bad 


eat the gatei reased, the negative charge “induced 


oo 
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ne 
~ 
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in the candi: increases until the region beneath 
the oxide effectively becomes an n-type semiconductor 


region, and current can flow between drain and source 
through the “induced” channel. In other words, drain 
current flow is “enhanced” by the gate potential. Thus 
drain current flow can be modulated by the gate voltage; 
ie. the channel resistance is directly related to the gate 
voltage. The n-channel structure may be changed to a p- 
channel device by reversing the material types. 

An equivalent circuit for the MOSFET is shown in 
Figure 6. Here, Cg(ch) is the distributed gate-to-channel 
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capacitance representing the nitride-oxide capacitance. 


Cys is the gate-source capacitance of the metal gate area 


overlapping the source, while Cgq is the gate-drain capaci- 
tance of the metal gate area overlapping the drain. Cd(sub) 
and Cs(sub) are junction capacitances from drain to sub- 
strate and source to substrate. Yfg is the transadmittance 
between drain current and gate-source voltage. The modu- 
lated channel resistance is rgs.. RED and Rs are the bulk 
resistances of the drain and source. . 

The input resistance of the MOSFET is exceptionally 
high because the gate behaves as a capacitor with very low 
leakage (tin © 1014 Q). The output impedance is a function 


of rds (which is related to the gate voltage) and the drain 


and source bulk resistances (Rp and Rs). 

To turn the MOSFET “on”, the gate-channel capaci- 
tance, Co(ch), and the Miller capacitance, Cgq, must be 
charged. In turning “on”, the drain-substrate capacitance, 
Cd(sub), must be: discharged. The resistance of the sub- 
strate determines the Ses discharge current for this 
capacitance. 

The FET just scecribed is called an enhancement-type 
MOSFET. A depletion-type MOSFET can be made in the 
following manner: Starting with the basic structure of 
Figure 4, a moderate resistivity n-channel is diffused 
between the source and’ drain so that drain current can 
flow when the gate potential is at zero volts (Figure 7). 
In this manner, the MOSFET can be made to exhibit deple- 
tion characteristics. For positive gate voltages, the structure 
enhances in the same manner as the device of Figure 4. 
With negative gate voltage, the enhancement process is 
reversed and the channel begins to deplete of carriers as 
seen in Figure 8. As with the JFET, drain-current flow 
depletes the channel area nearest the drain first. 

The structure of Figure 7, therefore, is both a sd 
mode and an enhancement-mode device. 


MODES OF OPERATION 


There are two basic modes of operation of FET’s — deple- 
tion and enhancement. Depletion mode, as previously 
mentioned, refers to the decrease of carriers in the channel 
due to variation in gate voltage. Enhancement mode refers 
to the increase of carriers in the channel due to application 

_of gate voltage. A third type of FET that can operate in 
both the depletion and the enhancement modes has also 
been described. | 

The basic differences between these modes can most 
easily be understood by examining the transfer character- 
istics of Figure 9. The depletion-mode device has con- 
siderable drain-current flow for zero gate voltage. Drain 
current is reduced by applying a reverse voltage.to the 
gate terminal. The depletion-type FET is not character- 
ized with forward gate voltage. 

The depletion/enhancement mode type device also has 
considerable drain current with zero gate voltage. This 
type device is defined in the forward region and may have 
usable forward characteristics for quite large gate voltages. 
Notice that for the junction FET, drain current may be 
enhanced by forward gate voltage only until the gate- 


source p-n junction becomes forward biased. 

The third type of FET operates only in the enhance- 
ment mode. This FET has extremely low drain current 
flow for zero gate-source voltage. Drain current con- 
duction occurs for a VGs greater than some threshold 
value, VGS(th)- For gate voltages greater than the thresh- 
old, the transfer characteristics are similar to the depletion/ 


_ enhancement mode FET. 
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FIGURE 9 — Transfer Characteristics and Associated Scope Traces for the Three FET Types oe 


ELECTRICAL CHARACTERISTICS 


Because the basic mode of operation for field-effect 
devices differs greatly from that of conventional junction 
transistors, the terminology and specifications are neces- 
sarily different. An understanding of FET terminology 
and characteristics are necessary to evaluate their compara- 
tive merits from data-sheet specifications. 


Static Characteristics 


Static characteristics define the Operation of an active 
device under the influence of applied dc operating condi- 
tions. Of primary interest are those specifications that 
indicate the effect of a control signal on the output current. 
The VGs—Ip transfer characteristics curves are illustrated 
in Figure 9 for the three types of FETs. Figure 10 lists 
the data-sheet specifications normally employed to describe 
these curves, as well as the test circuits that yield the 
indicated specifications. _ | 

Of additional interest is the special case of tetrode- 
connected devices in which the two gates are separately 


accessible for the application of a control signal. The 
pertinent specifications for a junction tetrode are those 


which define drain-current cutoff when one of the gates is 
connected to the source and the bias voltage is applied to 


the second gate. These are usually specified as VG1S(off), 
Gate 1 — source cutoff voltage (with Gate 2 connected to 


source), and VG2S(off), Gate 2 — source cutoff voltage 


(with Gate 1 connected to source). The gate voltage re- 
quired for drain current cutoff with one of the gates con- 
nected to the source is always higher than that for the 
triode-connected case where both gates are tied together. 

Reach-through voltage is another specification uniquely 
applicable to tetrode-connected devices. This defines the 
amount of difference voltage that may be applied to the 
two gates before the depletion region of one spreads into 
the junction of the other — causing an increase in gate 
current to some small specified value. Obviously, reach- 
through is an undesirable condition since it causes a de- 
crease in input resistance as a result of an increased gate 
current, and large amounts of reach-through current can 
destroy the FET. 
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Gate Leakage Current 


Of interest to circuit designers is the input resistance 
of an active component. For FETs, this characteristic is 
specified in the form of IGss — the reverse-bias gate-to- 
source current with the drain shorted to the source (Fig- 

-ure 11). As might be expected, because the leakage current 
across a reverse-biased p-n junction (in the case of a JFET) 
and across a capacitor (in the case of a MOSFET) is very 
small, the input resistance is extremely high. At a tempera- 
ture of 25°C, the JFET input resistance is hundreds of 
megohms while that of a MOSFET. is even greater. For 
junction devices, however, input resistance may decrease 
by several orders of magnitude as temperature is raised to 
150°C. Such devices, therefore, have gate-leakage current 
specified at two temperatures. Insulated-gate FETs are 
not drastically affected by temperature, and their input resist- 
ance remains extremely high even at elevated temperatures. 

Gate leakage current may also. be specified as IGpo 
(leakage between gate and drain with the source open), or 
as IGSO (leakage between gate and source with the drain 
open). These usually result in lower values of leakage cur- 
rent and do not represent worst-case conditions. TheIgss 
specification, therefore, is usually preferred by the user. 


Voltage Breakdown 
A variety of specifications can be used to indicate the 


maximum voltage that may be applied to various elements 
of a FET. Among those in common use are the following: 


V(BR)GSS = Gate-to-source breakdown voltage 
V(BR)DGO = Drain-to-gate breakdown voltage 


V(BR)DSX = Drain-to-source breakdown voltage 
(normally used only for MOSFETs) 


In addition, there may be ratings and specifications indi- 
cating the maximum voltages that may be applied between 
the individual gates and the drain and source (for tetrode- 
connected devices). Obviously, not all of these specifica- 
tions are found on every data sheet since some of them 
provide the same information in somewhat different form. 
By understanding the various breakdown mechanisms, 
however, the reader should be able to interpret the intent 
of each specification and rating. For example: 

In junction FETs, the maximum voltage that may be 
applied between any two terminals is the lowest voltage 
that will lead to breakdown or avalanche of the gate junc- 
tion. To measure V(BR)GSS (Figure 12a), an increasingly 
higher reverse voltage is applied between the gate and the 
source. Junction breakdown is indicated by an increase 
in gate current (beyond IGss) which signals the beginning 
of avalanche. | 

- Some reflection will reveal that for junction FETs, the 
V(BR)DGO specification really provides the same informa- 
tion as V(BR)GSS. For this measurement, an increasing 
voltage is applied between drain and gate. When this ap- 
plied voltage becomes high enough, the drain-gate junction 
will go into avalanche, indicated either by a significant 
increase in drain current. or by an increase in gate current 
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(beyond IpGo). For both V(BR)DGO and V(BR)GSS 
specifications, breakdown should normally occur at the 


same voltage value. 

From Figure 2 it is seen that avalanche occurs at a lower 
value of Vps when the gate is reverse biased than for the 
zero-bias condition. This is caused by the fact that the. 
reverse-bias gate voltage adds to the drain voltage, thereby 
increasing the effective voltage across the junction. The 
maximum amount of drain-source voltage that may be ap- 
plied VDS(max) is, therefore, equal to V(BR)DGO minus 
VGs, which indicates avalanche with reverse bias gate 
voltage applied. | | 

~ For MOSFETs, the breakdown mechanism is somewhat 
different. Consider, for example, the enhancement-mode 
structure of Figure 5. Here, the gate is completely insulated 
from the drain, source, and channel by an oxide-nitride 
layer. The breakdown voltage between the gate and any of 
the other elements, therefore, is dependent on the thick- 
ness and purity of this insulating layer, and represents the 
voltage that will physically puncture the layer. Conse- 
quently, the voltage must be specified separately. | 

The drain-to-source breakdown is a different matter. 
For enhancement mode devices, with the gate connected 
to the source (the cutoff condition) and the substrate 
floating, there is no effective channel between drain and 
source and the applied drain-source voltage appears 
across two opposed series diodes, represented by the 
source-to-substrate and substrate-to-drain junctions. Drain 
current remains at a very low level (picoamperes) as 
drain voltage is increased until the drain voltage reaches a 


value that causes reverse (avalanche) breakdown of the 


diodes. This particular condition, represented by 
V(BR)DSS, is indicated by an increase in Ip above the 
Ipss level, as shown in Figure 12b. 

For depletion/enhancement mode _ devices, the 
V(BR)DSS symbol is sometimes replaced by V(BR) 
DSx. Note that the principal difference between the two 
symbols is the replacement of the last subscript s with the 


_ subscript x. Whereas the s normally indicates that the gate 


is shorted to the source, the x indicates that the gate is 
biased to cutoff or beyond. To achieve cutoff in these 
devices, a depleting bias voltage must be applied to the 
gate, Figure 12b. 

An important static characteristic for switching FETs 
is the “‘on” drain-source voltage VDS(on)- This character- 
istic for the MOSFETs is a function of VGs, and resembles 
the VCE(sat) versus Ip characteristics of junction tran- 
sistors. The curve for these characteristics can be used as 
a design guide to determine the minimum gate voltage 
necessary to achieve a specified output logic level. 


Dynamic Characteristics 


Unlike the static characteristics, the dynamic character- 
istics of field-effect transistors apply equally to all FETs. 
The conditions and presentation of the dynamic charac- 
teristics, however, depend largely upon ‘the intended 
application. For example, the following table indicates 
the dynamic characteristics needed to adequately describe 
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P--loss : CHARACTERISTIC =| 


DEPLETION MObE 


DEPLETION MODE JFETs 


DESCRIPTION 


loss @ Ves = O, 
Vp < Vos << Vier) oss 


Zero- ate- voltage drain current. 
Represents maximum drain current. 


Ves (off) @ Ib = 0.001 Ipss, 
Ve < Vos < Ver} pss 


Gate voltage necessary to reduce Ip to 
some specified negligible value at the rec- 
ommended Vpg, i.e. cutoff. 


7A FE ves! SOURCE | 


Ves @ Ip = 0.1 Ipss, 


. Gate voltage for a specified value of Ip TEST CIRCUIT FOR Vos AND Vos(at) 


a Vesiort} Ves 0 a Ve < Vs < Viary oss between Ings and Ips at cutoff — normally *OATES INTERNALLY CONNECTED 
GATE:VOLTAGE ve DSS. TADJUST FOR DESIRED ip 
Jo ENHANCEMENT MODE 
ne ee re ee , i lojon) 
oe : DEPLETION/ENHANCEMENT 
"CHARACTERISTIC | DESCRIPTION 


ID{on) @ Ves > 0, 
Ve < Vos < Vise} pss 


An arbitrary current value. (usually near 
max rated current) that locates a point in 
the enhancement operating mode. 


lpss @ Ves = 0, Vp < Vos < Vier} DSS 


TEST eiReutT FOR lojon) 
Zero-gate-voltage drain current. Bion) 


Vestott) @ Ip = 0.001 Ings, 


Voltage necessary to reduce Ip to some 
specified negligible value at the recom- 
mended Vps, i.e. cutoff. 


_ TADJUST. FOR DESIRED lo NORMALLY 
: ONEAR MAX-RATED fp ee 
TEST CIRCUITS FOR Toss AND Vos (ou) 


ENHANCEMENT MODE MOSFETs 


Ves = 0 
GATE VOLTAGE 
lo ENHANCEMENT MODE 
ye a i i a ae. amme sean Se: seen Infor) 
coe a ae 91 Ib{on) : 


CHARACTERISTIC 


- len TEST CIRCUIT. 


DESCRIPTION _ SAME AS FOR DEPLETION/ENHANCEMENT 


Injan} @ Vas > 0, 
Vp < Vos < Vipr} pss 


An arbitrary current value (usually near 
max rated current) that locates a point in 
the enhancement operating mode. 


FEST o1aquiy 
AE VATE 


SAME AS FOR lotan) 


Ves @ 0.1 Ip(on} 


Ves iin). TEST CIRCUIT 


Gate-source voltage for a specified drain SAME AS Ves(ott) FOR JRET 


current of 0.1 Ip(on}- 


” Ves Ves tth) @ip = 0.001 ID(on} or less 


d Vesti} 


Gate cutoff or turn-on ‘voltage. EXCEPT REVERSE Ves BATTERY POLARITY 


loss @ Ves = 0, Vp < Vos <V Br} DSS 


GATE VOLTAGE 


Ings TEST CIRCUIT 


Leakage drain current. SAME AS FOR JFET 


FIGURE 10 — Static Characteristics for the Three FET Types are Defined by the Above Curves, Tables, and Test Circuits S 
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FIGURE 11 — Test Circuit for Leakage Current 
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Audio | Switching | Chopper _ 


Yes (1 kHz) 


Yes (1 kHz) 


Cis Ciss Ciss Ciss 

Crs Ciss Cis C.3s 

Yor (1 kHz) | GP Cd sub) Cd sub) 

NF Re(y;,) (HF) Vdston) ds {on) 
Re(y.,) (HF) tar tae 


NF : t, t; 


a FET for various applications. 


yfs The forward transadmittance is a key dynamic char- 
acteristic for field-effect transistors. It serves as a basic 
design parameter in audio and rf circuits and is a widely 
accepted figure of merit for devices. 


Because field-effect transistors have many characteristics 
similar to those of vacuum tubes, and because many en- 
gineers still are more comfortable with tube parameters, 
the symbol gm used for tube transconductance is often 
specified instead of yfs. To further confuse things, the 
““g”” school also uses a variety of subscripts. In addition 
to 2m, some data sheets show gfs while otherseven showg?}. 

Regardless of the symbol used, yfgs defines the relation 


between an input signal voltage and an output signal current: 


yfs = AIp/AVGs 
Vps=K 


The unit is the mho — current divided by voltage. Fig- 
ure 13 is a typical yfs test circuit for a junction FET. 

Asa characteristic of all field-effect devices, yfs is speci- 
fied at 1 kHz with a Vps the same as that for which ID(on) 
or Ipss is characterized. Since yfs has.both real and imag- 
inary components, but is dominated by the real component 
at low frequency, the 1 kHz characteristic is given as an 
absolute magnitude and indicated as |yfgl. 

It is interesting to note that yfg varies considerably with 
Ip due to nonlinearity in the Ip—VGS characteristics. This 
variation, for a typical n-channel, JFET is illustrated 
in Figure 14. Obviously, the operating point must be care- 
fully selected to provide the desired yf, and signal swing. 


For tetrode-connected FETs, three yfs. measurements 
are usually specified on data-sheet tables. One of these, 
with the two gates tied together, provides a yfs value for 
the condition where a signal is applied to both gates simul- 
taneously; the others provide the yfs for the two gates 
individually. Generally, with the two gates tied together, 
Yfs is higher and more gain may be realized in a given circuit. 
Because of the increased capacitance, however, gain-band- 
width product is much lower. 

For rf field-effect transistors, an additional value of yfs 
is sometimes specified at or near the highest frequency of 
operation. This value should also be measured at the same 
voltage conditions as those used for Ip(on) ot Ipss. Be- 
cause of the importance of the imaginary component at 
radio frequencies, the high-frequency yfs specification 
should be a complex representation, and should be given 
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either in the specifications table or by means of curves show- 
ing typical variations, asin Figure 15 for the MPF102 JFET. 

The real portion of this high-frequency yfs, Re (yf) or 
G7], is usually considered a significant figure of merit. 
Yos Another FET parameter that offers a direct vacuum 
tube analogy is yos, the output admittance: 


Yos = Alp/AVps 
Vos =k 


In this case, the analogous tube parameter is Ip — Le., 
Yos = I/rp. For depletion mode devices, yos is measured 
with gate and source grounded (see Figure 16). For 
enhancement mode units, it is measured at some specified 
VGs that permits substantial drain-current flow. 


As with yfs, many expressions are used for yos. In 
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FIGURE 14 — Forward Transfer Admittance versus 
Drain Current for Typical JFETs 
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addition to the obvious parallels such as y22, gos, and g22, 
it is also sometimes specified as rg, where rq = 1/Yos. 
Voltages and frequencies for measuring yos should be 


exacily ihe same as those for measuring yfs. Like yfs, it is 
a complex number and should BE spet cified as a magnitude 
t 1 kHz and in complex form at high frequencies. 


Ciosely reiated io yos and yfs is the amplification 


ee 


a 
= 
oO 
es; 
= 


y= AVps/AVGS | 
Ip=K 


The amplification factor does not appear on the field- 
effect transistor registration format but can be calculated 
For most small-signal applications, y has little 
It does, however, serve as a general 


as Yfs/Yos- 
circuit significance. 
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FIGURE 15 — ‘Forward Transfer Admittance 
versus Frequency 


indication of the quality of the field-effect manufacturing 
process. . 


Cisg The common-source-circuit input capacitance, Cjsg, 
takes the place of yjs in low-frequency field-effect tran- 


sistors. This is because yjg is entirely capacitive at low fre- 
quencies. Cig is conveniently measured in the circuit of 


Figure 17 for the tetrode JFET. As with yfs, two measure- 
ments are necessary for tetrode-connected devices. 


At very high frequencies, the real component of yis 
becomes important so that rf field-effect transistors should 
have yjs specified as a complex number at the same condi- 
tions as other high-frequency parameters. For tetrode- 
connected rf FETs, reading of both Gate 2 to source and 
Gate 1 tied to Gate 2 are necessary. 


In switching applications Cjsg is of major importance 
since a large voltage swing at the gate must appear across 
Ciss- Thus, Cjgg must be charged by the input voltage 
before turn-on effectively begins. 


Crsg Reverse transfer admittance (yys) does not appear on 
FET data sheets. Instead Cysg, the reverse transfer capa- 
citance, is specified at low frequency. Since yrg for a field- 
effect transistor remains almost completely capacitive and 
relatively constant over the entire usable FET frequency 
spectrum, the low-frequency capacitance is an adequate 
specification. Crss is measured by the circuit of Figure 18. 
For tetrode FETs, vaiues shouid be specified for Gate i 
and for both gates tied together. 
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Again, for switching applications Cregg is a critical char- 
acteristic. Similar to the Cob of a junction transistor, 
Crsg must be charged and discharged during the switching 
interval. For a chopper application, Cygp is the feed- 
through capacitance for the chopper drive. 


Ca(sub) | For the MOSFET, the drain-substrate junction 
capacitance becomes an important characteristic affecting 
the switching behavior. Cd(sub) appears in parallel with 
the load in a switching circuit and must be charged and 
discharged between the two logic levels during the switch- 
ing interval. 


Noise Figure (NF) Like all other active components, 
field-effect transistors generate a certain amount of noise. 
The noise figure for field-effect transistors is normally spe- 
cified on the data sheet as “spot noise”, referring to the 
noise at a particular frequency. The noise figure will vary 
with frequency and also with the resistance at the input 
of the device. Typical graphs of such variations are illus- 
trated in Figure 19 for the 2N5458. From graphs of this 
kind the designer can anticipate the noise level inherent 
in his design. 


Tds(on) Channel resistance describes the bulk resistance 
of the channel in series with the drain and source. From 
an applications standpoint, it is important primarily for 
switching and chopper circuits since it affects the switch- 
ing speed and determines the output level. To complete 
the confusion of multiple symbols for FET parameters, 
channel resistance is sometimes indicated as Id(on) and 
also as rps and rds. In either case, however, it is measured, 
for JFETs, by tying the gates to the source, setting all 
terminals equal to O Vdc, and applying an ac voltage from 
drain to source (see Figure 20). The magnitude of the ac 
voltage should be kept low so that there will be no pinch- 
off in the channel. Insulated-gate FETs may be measured 
with dc gate bias in the enhancement mode. 


APPLICATIONS 


Device Selection 


Obviously, different applications call for special em- 
phasis on specific characteristics so that a simple figure of 
merit that compares devices for all potential uses would 
be hard to formulate. Nevertheless, an attempt to pinpoint 
the characteristics that are most significant for various ap- 
plications has been made* to permit a rapid, first-order 
evaluation of competitive devices. 

The most important single FET parameter, one that 
applies for any amplifier application, is yfs. This param- 
eter, or one of its many variations, is specified on most data 


*Christiansen, Donald, “Semiconductors: The New Figures 
of Merit,” EEE, October, 1965. 
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FIGURE 20 — Circuit for Measuring JFET Channel Resistance. 
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sheets, yet some evaluation is required to come up with a 
reasonable comparison. For example, in the table of 
electrical characteristics on most JFET data sheets, yfg is 
specified at Ings (VGs = 0) where, for JFETs devices, 


oo fw rh 
Vfe is maximum. This is illustrated in Figure 14, where 


iypicai variati 
Mor some s§ the [pss 
point can actually be used as a dc operating point because 
small-signal excursions into the forward bias region will 
not actually cause the gate-source junction to become 
forward-biased. However, in most practical uses, some bias 
is necessary to allow for the anticipated signal swing; and 


H recognized the yfs goes down 


sam na! applications Vee =) 
nd oe ee eee) LEG ed 


it must be as the bias is 
increased. | 

It is seen, also, that maximum yfs increases as IDss 
increases so that, where maximum yfs is important, a de- 
vice with a high Ipgs specification is normally desirable. 


On the other hand, where power dissipation is a factor 
to be considered, the figure of merit yfs/VGS(off) Ipss 
has been proposed. This term factors in not only Ipss, 
which should be low if power dissipation is to be low, but 
also VGS(off), which indicates maximum input voltage 
swing. Since the signal peaks are represented by VGS = 
VGS(off) and VGs = 0, the lower VGS(off)> the higher 
the figure of merit. And, for amplifier applications re- 
quiring a large signal swing, V(BR)GSS/ VGS(off) (assuming 
that VGS(off) is the “pinch-off” voltage) is a satisfactory 
merit figure because it indicates the ratio of maximum and 
minimum drain voltages. 


For high-frequency circuits, the input capacitance (Cjgs) 


—)- : - : : 
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oe FIGURE 21—RF Stage of Broadcast Auto Radio. 


yfs as a function of Ip are plotted. © 
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and the Miller-effect capacitance (Cys,) become important, 
so yfs/(Cisg + Crs) indicates a relative measure of device 
performance. For switching and chopper circuits, a figure 
of merit is not often useful. Here the magnitudes of Cigg, 


Cres, Cd(sub) and rde are of primary interest. 


The types of circuits that can utilize FETs are practically 
unlimited. In fact, many circuits designed to utilize small- 
signal pentode tubes can utilize FETs with only minor 
modifications. For example, the circuit in Figure 21 shows 
a typical rf stage for a broadcast-band auto radio. In this 
circuit,a MPF102 n-channel JFET has replaced the 12BL6 
pentode normally employed. The specifications for the 
two devices, including the AGC characteristics, are similar 
enough to perform adequately in the circuit of Figure 21. 

In an audio application, a field-effect transistor such as 
the 2N5460 can be combined with a high voltage bipolar 
transistor to make a simple line-operated phonograph ampli- 
fier such as that shown in Figure 22. The ceramic pickup 
is connected through a potentiometer volume control to 
the field-effect transistor. Collector current of the tran- 
sistor, in turn, is set by the potentiometer in the source of 
the FET. With the proper bipolar output transistor, the 


- circuit can be driven directly from the rectified line volt- 


age, while the low voltage for the FET can be derived from 
a voltage divider in the power supply line. 


MFE4007 


FIGURE 22 — Line Operated Phono Amplifiers 
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Figure 23 shows three basic chopper circuits. The ad- 
vantage of the more complex series-shunt circuit (24c) is 
that it balances out the leakage currents of the FETs in 
order to reduce voltage error and is used to attain high 
chopping frequencies. From an applications standpoint, 
the FET circuit is superior to a junction transistor circuit 
in that there is no offset voltage with the FET turned on. 
On the minus side, however,. the field-effect-transistor 


chopper generally has a higher series resistance (Tds(on)) | 


than the junction transistor. 


As newer and better FETs are introduced and as a larger 
number of designers learn to use them, the range of appli- 
cations of FETs should broaden considerably. 


Withits high input impedance, the field-effect transistor 
will play an important role in input circuitry for instru- 
mentation and audio applications where low-impedance 
junction transistors have generally been least successful. 


Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, 


seers 


complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care- 
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies, Furthermore, such information| 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 
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Prepared by: 
Roy Hejhall 


INTRODUCTION 


Design of the solid-state, small-signal RF amplifier 
using two-port parameters is a systematic, mathematical 
procedure, with an exact solution (free from approxima- 
tion) available for the complete design problem. The only 


sources of error in the final design are parameter 


variations resulting from transistor parameter distributions 
and strays in the physical circuit. Parameter distributions 
result from limits in measurement and random variations 
among identically designed transistors. 

The purpose of this paper is to provide, in a single 
working reference, the important relationships necessary 
for the complete solution of the RF small-signal design 
problem using two-port parameters. ~ 


ranart 


maine mrroa 
bepveit vives 


iliajusL 
equations in terms of admittance parameters. A section on 
design with scattering parameters is also included. 

This paper is based on work by Linvill!, Stern2, and 
vihers. Those who may wish to consider the derivations of 
some of the expressions should refer to the bibliography. 

This report assumes that the reader is familiar with the 
two-port parameter method of describing a linear active 
network. Several references are available on this sub- 
ject.1,2,6,8,11,12, 

It has also been assumed that a suitable transistor or 
other active device for the task at hand has been selected, 
and that two-port parameters are available for the 
frequency and bias point which will be used. Device 
selection will not be covered as a separate topic in this 
report; rather, a thorough understanding of the material in 
the report should provide the designer with the tools he 
needs to select transistors for a particular small-signal 
application. | 

The equations given in the text of this report are 
applicable to the common-emitter, common-base, or 
common-collector configuration, if the applicable set of 
parameters (common-emitter, common-base, or common- 
collector parameters) is used. Equations for the conver- 
sion of the admittance or hybrid parameters of any 
configuration to either of the other two configurations of 
the same parameter set are given in the appendix. 

While directed primarily toward circuit design with 
conventional bipolar transistors, two-port network theory 
has the advantage of being applicable to any linear active 
network (LAN). The same design approach and equations 
may therefore be used with field effect transistors />9> 
integrated circuits!0, or any other device which may be 


Tha nartian af tha eante 
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described as a linear active two-port network. 
Finally, various parameter interrelationships and other 
data are given in the Appendix. 


GENERAL DESIGN CONSIDERATIONS 


Design of the RF small-signal tuned amplifier is usually 
based on a requirement for a specified power gain at a 
given frequency. Other design goals may include band- 
width, stability, input-output isolation, and low. noise 
performance. After a basic circuit type is selected, the 
applicable design equations can be solved. 

Circuits may be categorized according to feedback 


‘(neutralization, unilateralization, or no feedback), and 
matching at transistor terminals (circuit admittances 


either matched or mismatched to transistor input and 
output admittances). Each of these circuit categories will 
be discussed, including the applicable design equations 
and the considerations leading to the selection of a 
particular configuration. 


STABILITY 


A major factor in the overall design is the potential 
stability of the transistor. This may be determined by 
computing the Linvill stability factor! C using the 
following expression: | 


|¥i2 Yaa 
C = (1) 
281, S22 ~ Be VyoVo1) 


When C is less than 1, the transistor is unconditionally 
stable. When C is greater than 1, the transistor is 
potentially unstable. | | 

The C factor is.a test for stability under a hypothetical 
worst case condition; that is, with both input and output 
transistor terminals open circuited. With no external 
feedback, an unconditionally stable transistor will not 
oscillate with any combination of source and load. If a 
transistor is potentially unstable, certain source and load 
combinations will produce oscillations. 

Although the C factor may be used to determine the 
potential stability of a transistor, the conditions of open 
circuited source and load which are assumed in the C 
factor test are not applicable to a practical amplifier. 


tRe (Y12Y21) = Real part of (Y¥12Y21) 
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Consequently it is also desirable to compute the relative 
stability of actual amplifier circuits, and Stern2 has 
defined a stability factor k for this purpose. The k factor 
is similar to the C factor except that it also takes into 
account finite source and load admittances connected to 
the transistor. The expression for k is: 


2.(g,, + G) (9 + G,) 
k= 72) 
[¥i2¥er + Re Wyov9)) 


If k is greater than one, the circuit will be stable. If k is 
less than one, the circuit will be potentially unstable and 
will very likely oscillate at some frequency. 

Note that the C factor simply predicts polential 
stability of a transistor with an open circuited source and 
load, while the k factor provides a stability computation 
for a specific circuit. 

Stability considerations will be discussed further in the 
descriptions of each basic circuit type to follow. 


GENERAL DESIGN EQUATIONS 


There are a number of design equations which are 
applicable to most types of amplifiers. These equations 
will be discussed first. Descriptions of specific amplifier 
types will then follow, and each will contain additional 
design equations applicable to that particular amplifier. 


POWER GAIN 


The general PADIESsiOn for poe gain is: 


yaa] 2 " Re (¥,) 


“itunes tae ee ee Ae 
| Yi + Yao| Re (Yay - 712721) 
+ Y¥ 


Equation 3 applies to circuits with no external feed- 
back. It can also be used with circuits which have external 
feedback if the composite y parameters of both the 
transistor and the feedback network are substituted for 
the transistor y parameters in the equation. The com- 
posite y parameters are determined by considering the 
transistor and the feedback network to be two “black 
boxes”’ in parallel: 


Gop ee ree ee bee 
Pe we New | 
Feedback ‘Black 
Network Box"’ 
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For example, the above combination of transistor and 


feedback network may be characterized as’a single “black 
box” by the following equations: 


Te Yat at 
Yioc = Yyat * Yiae 
(4). 
Yaic ~ Yait * Yat 


—-Yaae = Yaar * Yaar 


Where: 
Yile> Y12c, Y21le ¥22¢ are. the composite y parameters 
of the parallel combination of transistor and feedback 
network. 
Ylit. Y12t> Y21ty ¥22t are the y pam ts oF ‘the 
transistor. 


Ylif. Yi2f. y21f, y22F are ° ae _ peramicles of the 
feedback network. 


Note that, since this ers treats the transistor and 
feedback network combination as a single “black box” 
with y11¢, Y12cs ¥21c; and y22¢ as its y parameters, the 
composite y parameters may therefore be substituted in 
any of the design equations pea to é a eae active 
two-port analysis. : ie Se - 

The neutralized and unilateralized saehine are special 
cases of this general concept, and equations associated 
with those special cases will be given later. 

Equation 3 provides a solution for power gain of the 
linear active network (transistor) only. Input and output 
networks are considered to be part of the source and load, 
respectively. Two important points should therefore be 
kept in mind: 

(1) Power gain computed from equation 3 will not 
take into account network losses. Input network 
loss reduces power delivered to the transistor. 
Power lost in the output network is computed as 
useful power output, since the load admittance 
YL is the combination of the output network 
and its load. 

(2) Power gain is independent of source admittance. 
An input mismatch results in less input power 
being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term 

Ns. | ee , 

The power gain of..a transistor together: with its 


associated input and output networks may be computed » 


by measuring the input and output network losses, and 
subtracting them from the power gain. computed with 
equation 3. ’ 

In some cases it may. be seGebie to inghide the effects 
of input matching in power gain computations. A.con- 
venient term is transducer gain GT, defined as output 
power delivered to a load by the transistor, divided by the 


tRefer to Seshu aa Balaban anian, “Linear Network 


Analysis,’ John Wiley and Sons, 1959, P32] 
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maximum input power available from the source. 
The equation for transducer gain is: 


2 
4 Re (Y.) Re (Y,) Yor 


G.. = 


~T 


a 2 (5) 
[Oiieh Oa et Y12¥2i| 


In this equation, YL is the composite transistor load 
admittance-composed of both output network and its 
load, and Yg is the composite transistor source admit- 
tance-composed of both input network and its source. 
Therefore, transducer gain includes the effects of the 
degree of admittance match at the transistor input 
terminals but does not take into account input and output 
network losses. 

As in equation 3, the composite y parameters of a 
transistor feedback. network combination may be substi- 
tuted for the transistor y papel when such a 
combination is used. i 

The Maximum Available Gain MAG is.an often used 
transistor . figure-of-merit.. The MAG. is the theoretical 
power. gain. of a transistor with its reverse transfer 
admittance yj? set equal to zero, and its source and load 
admittances ey matched to y; 1 and y27, respec- 
tively. . ae 
if yj2 = 0, the transistor exhibits an input admitiance 
equal to yj] and. an output admittance equal to y22.f 
The equation for MAG ‘is, therefore, obtained by solving 
the general power gain PADIS SOM; eva 3, with the 
conditions 

ia 


eee 
* 
sand yo = ¥y4 
where * denotes conjugate _ 
which yields: 


. : , 
yal 
MAG = ———-—____—_- (6) 


MAG is a figure of merit only, since it is physically 
impossible to reduce yj;2 to zero without changing the 
other parameters of the transistor. An external feedback 
network may be used: to achieve a composite y17 of zero, 
but then the other composite parameters will also be 
modified according to the relationships given in the 
discussion of: the composite transistor i feedback net- 
work “black box.” oT 


+Obtained by solving the equations for transistor YIN and 
YOUT with y12 equal to zero. These ae are Bien 
‘later in the report.. 


CASCADED LAN’S 


Design calculations for cascaded LAN’s may be per- 


formed by first computing composite two-port parameters 


as was done in the case of the parallel LAN’s. 
For the following cascaded LAN’s 


The composite y parameters are: 


; =y 7 Yi2a Vota 
11c lla Yoon *Yaip 
Si odes 2, ach RODEN 
22¢c 220 Yooa t Y14b (7) 
ee ota" bib 
ee Yooa * Yitb 
eo 2.7 12a 12h 
Yz2e 7 y +y 
22a ae 
where are. TAA Ory du . wr1n ara the ee ae ns wu 
y ] Co Jy ZZ? y Zico Jy LZc alu LLL VU iipyollre Jy 


parameters of the cascaded LAN’s. 


TRANSISTOR INPUT AND OUTPUT ADMITTANCES 


The expression for the input admittance of a transistor 


is: 
: Yaa Yai 
Yn = Y . (8) 
IN 11 yo. 
Yoo rans 
. The expression for the output admittance of.a tran- 
-Sistor is:.. 


= (9) 


When the feedback parameter yi is not zero, YIN is 
dependent on load admittance and YOUT' is dependent on 
source admittance. 


AMPLIFIER STABILITY 


One of the major considerations in RF amplifier design 
is stability. The stability of a final design can be assured 
by including stability computations and considering stabil- 


ity in all design decisions relating to feedback and 


transistor source and load admittances. 
_ The potential stability of the transistor should first be 
computed using equation 1. 
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The various alternatives concerning input — output 
matching and neutralization — unilateralization will now 
be discussed for both the unconditionally stable transistor 
and the potentially unstable transistor. 


THE UNCONDITIONALLY STABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation 1 is less than one, the transistor is 
unconditionally stable. Oscillations will not occur using 
any combination of source and load admittances without 
external feedback. Stability is therefore eliminated‘ as a 
factor in the remainder of the design, and complete 
freedom is possible with regard to matching and neutrali- 
zation to optimize the amplifier for other performance 
requirements. 


AMPLIFIERS WITHOUT FEEDBACK 


The amplifier with no feedback is a logical choice for 
the unconditionally stable transistor in many applications 
since it may offer the advantages of fewer components 
and a simple tuning procedure. 

Source and load admittances may be selected for 
maximum gain and/or any number of other requirements. 
Power gain and transducer gain may be computed using 
equations 3 and 5, respectively; input and output admit- 
tances may be computed - using equations 8 and 9, 
respectively. 

The amplifier stability factor may be computed using 
equation 2. While amplifier stability was assured from the 
beginning by the use of an unconditionally stable tran- 
sistor, the designer may still wish to perform this 
computation to provide some insight into danger of 
instability under adverse environmental conditions, source 
and load variations, etc. 


Gmax | 

Gmax, the highest transducer gain possible without 
external feedback, forms a special case of the no feedback 
amplifier. 

The source and load admittances required to achieve 
Gmax may be computed from the following: 


1 2 2|2 
Gs FRe W55) [ 2 Re (y44) Re (yp9) - Re 2¥9)) | - |¥ 12¥ 21 (10) 
Im(¥g1¥ 19) 
“B= .- Im(y,,) + 2 iat (11) 
_ 2. Re(y 59) 


1 


G = ss 
L 2 Re(y,,) 


2 al2.. 
IE Re vi) Re (Yoo) - Re Vy2¥21) - ly 12% 94 | | (12) 


Im(¥91¥ 49) 


' B= = Im(y,,) + (13) 
L 22" 2 Rely, )) 


Therefore, if the maximum possible power gain with- 
out feedback is desired for an amplifier, equations 10, 11 
12, and 13 are used to compute Ys and Yr L- 


2 Rely, ,) Relygo) - Rely, o¥94)+ 


The magnitude of Gmax may be computed from the 
following expressions: 


Gmax = 
2 
[Yor 


[2 Re(y ,,) Rely oo) - Rely o¥5,)| 2. b22?2|"| 


3 (14) 


Equations 10, 11, 12, and 13 can be obtained by 
differentiating equation 5 with respect to Gg, Bs, GL, and 
BL, and setting the four derivatives equal to zero. The Gg, 
Bs, GL, and By, thus computed can then be substituted in 
equation 5 to obtain the expression for Gmax, equation 
14. 


THE LINVILL METHOD 
The amplifier without feedback design problem may — 

also be solved graphically using a technique developed by 
J. G. Linvill.+ Linvill’s technique is very useful for a 
certain class of problems. Since it is so fully discussed in 
many good references, we will not go into it further here. 
An advantage of the Linvill technique is that it provides a 
reasonably rapid graphic solution relating gain, band- 
width, and stability. A disadvantage is its scope of 
usefulness, since the standard Linvill solution applies only 
to an amplifier with no external feedback and the Yg 
conjugately matched to the transistor input admittance, 


YIN. 


THE UNILATERALIZED AMPLIFIER 


Unilateralization consists of employing an external 
feedback network to achieve a composite yj of zero. 

While unilateralization is perhaps most often used to 
achieve stability with a potentially unstable transistor, 


‘other circuit considerations may also warrant the use of 


unilateralization with the unconditionally stable tran- 
sistor. For example, the input-output isolation afforded 
by unilateralization may be’ desirable in a particular 
design. | 

Design equations for the unilateralized case are ob- 
tained by first computing the composite y parameters of 
the transistor — feedback network combination and then 
substituting the composite parameters in. the general 
equations. 

Referring to the discussion on composite y parameters 
and setting up the basic condition that yj2¢ must equal 
zero, the other composite y parameters can be computed. 
Assuming that a passive feedback network is being used, 
then 


Yiit ~ Yaag ~ ~Yiag * ~Yaae: 
"and since Yio0 = 0, Yiot * Yuoe = 0 


then Yi9¢ = ~Yioe» 


and Yioe = “Yas = Vuae = Voor = Yair 


tApplication Note AN166 Motorola Semiconductor 

Products, Inc. Dept. TIC, 5005 E. McDowell Road, 
Phoenix, Arizona. See also reference 5 in the bibliog- 
raphy. | 
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Substituting the above results in equations 4 yields the 
following: 


Vireo ~ Yrat * Y12t 


Yoon ~ Yoor * Yiat 


Yiac = Yior ~ Yyat = 9 


Yore = Yair > Yrot 


Substituting these complete y parameters in equations 
8,9, 3, 7, and 5 respectively, yields equations 15, 16, 17 
18, and 19 respectively for the unilateralized case. 

Unilateralized input admittance 


Y (15) 


in ~ Yi * Y12 
Unilateralized output admittance 
“Yoo * Vi2 


Your (16) 


Unilateralized power gain, general expression: 


2 
yan yp! Re (Yj) 
G = (17) 


PU 
ha * Yao + v2] 


2 
Re(y yy) 


Unilateralized power gain with Y[ conjugately 
matched to YOUT: 


2 
You -¥42] «e) 
= 18 
U tes tous \ 
. 4 Revi) + ¥y49) Me Woo + ¥ 49! 


Unilateralized transducer gain: 


7 
4 Re(Y.) Re(Y, ) lyon - ri 

= 19 
Gry ; ) 


(Yay + Yun + Ys) Yoo + Yun + ¥,) 


Note that equations 15, 16, 17, 18 and 19, are given 
entirely in terms of the transistor y parameters, not those 
of the feedback network or the composite. 

Another benefit of unilateralization is input — output 
isolation. As can be seen in equations 15 and 16, YIN is 
completely independent of YL, and YOQUT is similarly 
independent of Yg. In a practical sense, this means that. in 
a single or multi-stage amplifier using unilateralized stages, 
tuning of any one network will not affect tuning in other 
parts of the circuit. Thus, the troublesome task of having 
to re-peak an entire amplifier following a change in tuning 
at a single point can be eliminated. 


NEUTRALIZATION 


Neutralization consists of employing a feedback net- 
work to reduce y,;2 to some value other than zero. 
Neutralization is generally used for the same purposes as 
unilateralization, but provides something less than the 
ideal cancellation of the transistor feedback parameter 
which unilateralization achieves. A typical example of 
neutralization might be a feedback network which pro- 
vides a composite b,2 of zero while having only a 
negligible effect on the transistor g12. - ; 
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The equations for a particular neutralized case would 
be developed in the same manner as those for the 
unilateralized case. Since there are an infinite number of 
possibilities, no specific equations will be given here. 

This completes the discussion of design with the 
unconditionaily siable transistor. The potentially unstable 
transistor will now be considered. 


THE POTENTIALLY UNSTABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation 1 is greater than one, the 
transistor is potentially unstable. Certain combinations of 
source and load admittances will cause oscillations if no 
feedback is used. In designing with the potentially 
unstable transistor, steps must be taken to insure that the 
amplifier will be stable. 

Stability is usually achieved by one or both of two 
methods: . 


(1) Using a feedback network which reduces the 
composite y}2 to a value which insures stability. 
(2) Choosing a source and load admittance combina- 


tion which provides stability. . 
A discussion of these basic methods is given below. 


USING FEEDBACK TO ACHIEVE STABILITY 


Either unilateralization or neutralization may be used 
to achieve stability. If unilateralization ‘is used, the 
transistor-feedback network combination will be uncon- 
ditionally stable. This may be verified by computing the 
Linvill stability factor of the combination. Since y}2¢ = 0, 
the numerator in equation 1 would be zero. 

With stability thus assured, the remaiiide: uf ite design 
may then be done to satisfy other requirements placed on 
the amplifier. After unilateralization has converted the 
potentially unstable transistor to an unconditionally 
stable combination, all other aspects of the design are 
identical to the unilateralized case with the uncondition- 
ally stable transistor. Power gains and input and output 
admittances may be computed using equations 15 through 
19. | 
If neutralization is used to achieve stability, the Linvill 
stability factor can be used to compute the potential 
stability. of any transistor — neutralization network 
combination. Since in this case yj2¢ # 0, C will have a 
value other than zero. 

After unconditional stability of the transistor-neutrali- 
zation network combination has been achieved, the design 
may then be completed by treating the combination as an 
unconditionally stable transistor, and proceeding with the 
case of the unconditionally stable transistor in an 
amplifier without feedback. Power gains, input and 
output admittances, and the circuit stability factor may 
be computed by using the composite parameters of the 
combination in equations 2, 3,5, 8, and 9. 


STABILITY WITHOUT FEEDBACK 


A stable design with the potentially unstable transistor 
is possible without external feedback by proper choice of 
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souce and load admittances. This can be seen by inspec- 
tion of equation 2; Gs and/or Gy, can be made large 
enough to yield a stable circuit regardless of the degree of 
potential instability of the transistor. 

This suggests a relatively simple way to achieve a stable 
design with a potentially unstable transistor. A circuit 
stability factor k is selected, and equation 2 is used to 
arrive at values of Gs and Gy which will provide the 
desired k. In achieving a particular circuit stability factor, 
the designer may choose any of the following combina- 
tions of matching or mismatching of Gg and GL to the 
transistor input and output conductances, respectively : 

(1) Gg matched and G], mismatched 

(2) GL matched and Gg mismatched 

(3) Both Gg and GE, mismatched 

Often a decision on which combination to use will be 
dictated by other performance requirements or practical 
considerations. 

Once Gg and Gy have been chosen, the remainder of 
the design may be completed using the relationships 
which apply to the amplifier without feedback. Power 
gain and input and output admittances may be computed 
using equations 3, 5, 8,and 9. | | 

Although the above procedure may be adequate in 
many cases, a more systematic method of source and load 
admittance determination is desirable for designs which 
demand maximum power gain per degree of circuit 
stability. Stern has analyzed this problem and developed 
equations for computing the conductance and susceptance 
of both Y, and Y,, for maximum power gain for a 
particular circuit stability factor.2,4 These equations are 
given here: 


. | g 
G. = «|| Val Revs Vayl, 1 £11 
2 22 


Gy = \ «[|y12¥01] + Relys¥2))] , 
2 


(G, + 844) Zo 
Bo ee -b (22) 
a) a 11 ‘ 
k [ |¥12%a1] + Re 292) | 


(Gy + oo) ZO 


By = pe -b 
L 22 
\ K [ [71221] * Rey 2¥ 2) | 


(20) 


Bo 


, “B99 (21) 


(23) 


Where, (B, + by Gy + By9) + (By + bgg) K(L +M)/2(G, + Boo) 
a a (24) 
\ k (L + M) 
b= |¥ a4 (25) 


M = Re(y19¥91) 
Defining D as the demoninator in. equation 5 yields: 


_ NZ NEC + M) + A2 4 N2 (27) 


[ki + M) + 2m] 2? 


D=——+ 
4 2 
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where, A=—,— (28) 


N= Im(yyoVo1), (29) 


and, 


Zo = that real value of Z which results in the smallest 
minimum of D, found by setting, 


nn Aan [k(L + M) + 2M] Z - 2N \lk(L + M) (30) 
equal to zero. 

Computation of Ys and YL using equations 20 through 
30 is a bit tedious to be done very frequently, and this 
may have discouraged wide usage of the complete Stern 
solution. However, examination of Stern’s work suggests 
some interesting shortcuts: . 
~ (A) COMPUTATION OF Gs AND G1, ONLY, USING 
EQUATIONS 20 AND 21. If a value equal to 
-b22 is then chosen for BL, the resulting Yp, will 
be very close to the true YL, for maximum gain. 
The transistor Y[N can then be computed from 
YL using equation 8, and Bg can be set equal to 
-Im(YIN). 

Computation of By, and BE, comprise by far 
the more complex portion of the Stern solution. 
This alternate method therefore permits the 
designer to closely approximate the exact Stern 
solution for Ys and Y, while avoiding that 
portion of the computations which are the most 
complex and time consuming. Further, the cir- 
cuit can be designed with tuning adjustments for 
varying Bs and BL, thereby creating the possi- 
bility of experimentally achieving the true Bs and 
By for maximum gain as accurately as if all the 
Stern equations had been solved. 
MISMATCHING G, TO g1]; AND Gy TO g22 
BY AN EQUAL RATIO YIELDS A TRUE 
STERN SOLUTION FOR Gs AND Gt. This can 
be derived from equations 20 and 21, which lead 
to the following result: 


(B) 


Sy = Ss 


B92 Bi 


If a mismatch ratio, R, is defined as follows, 
(32) 


then R may be computed for any particular 
circuit stability factor using the equation: 


You¥an] + Rely, o¥y,) 
os nt = af Patel ae 


2 811 829 


(33) 


Equation 33 was derived from equation 2 and > 
32. Having thus determined R, G, and GL can be 
quickly found using equation 32. 

By and By can then be determined in the 
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manner described above in alternate method (A). 

This alternate method may be advantageous if 
source and load admittances and power gains for 
several different values of k are desired. Once the 
R for a particular k has been determined, the R 
for any other k may be quickly found from the 


Sper ate 


where Ry and R2 are values of R corresponding 
to ky and k9, respectively. 

COMPUTER DESIGN. The complete Stern 
design problem may be programmed into a 
computer. Power gain, circuit stability factor, Ys 
and Y, can be obtained from the computer for 
any value of k. MAG, Gy, and the Linvill 
stability factor of the transistor may also be 
included in the program. 

After employing either the complete Stern solution or 
an alternate method to obtain Ys and Yj for the 
potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances 
may be obtained using equations 3, 5, 8, and 9. 


(C) 


SENSITIVITY 


In all but the unilateralized amplifier, Y[N is a function 


admittance. Thite Ving ehanase with outout circuit 
Wh ENVCANE CER ERLELL GIL te 


ZBLLUMUGD 2 LIN Vilailewo V¥ LLL WL b2Wwre 


tuning, and this can be troublesome. Consequently, it is 
sometimes desirable to compute the extent of variation of 
YIN with changes in Yp. A term, sensitivity 5, has been 
actincd to provide a measure of this characteristic, 
equal to per cent change in Y{N divided by per cent 
change in Yy.. The equation for sensitivity is: 


nd is 


L B11 K 
6= 
Yoo + Yy, Yn Yoo t+ Yr + 814 =i (35) 
822 Yui 
where, Yor Vig 
Ke= 
811 822 


© = arg (-Y;0¥9,) * 


ke) : 
K el = K (cos O+ j sine ) 


A more complete discussion of sensitivity is given in 
reference 6. 


DESIGN WITH SCATTERING PARAMETERS 


Scattering, or s parameters have greatly increased in 
popularity since the late 1960's, largely due to the 
appearance of sophisticated new equipment for perform- 
ing $ parameter measurements. 

A summary of s parameter design equations is given 
below. 

Power gain: 


5 (36) 
) - 2 Re (T, N) 


AS =8,,8,, -S 


11°22 ~ 40804 


N =S8,, - DS* 


22 11 


Transducer gain: 


salle <r) 


rf? (37) 
Y= Sy8o1 hg 


) 
Gps 
(1 -S 


11 5) ad ~ Soo 1h 
Input reflection coefficient: 


(38) 


(39) 


Linvill stability factor: 


C=K" 
2 
t vl 4 )s.0fF 
2)8 1984 


AS = 314599 - 


(40) 


S12591 


Equation 40 which gives K, the reciprocal of C, is 
presented in this form because it is the s parameter 
stability expression most often seen in the literature. K in 
equation 40 must not be confused with Stern stability 


fant 1 ati 4 
Tacior K given in equation a. 


Maximum unneutralized transducer gain, uncondition- 
ally stable LAN: 


C = Linvill Stability Factor 


Source and load reflection coefficients for a conjugate 
match of the unconditionally stable LAN in an amplifier 
without feedback: 


B,+vB 2 -4 m? 
r M* 1 1 (42) 
s~ 2 
m 2 IM 
2 2 
_ B, + VB, - 4|N (43) 
PL =N 2 
aIN 
. _ 42 2 eB 
Where By = 1+ $4 -|S59| -|as 
_ 2 2 ? 
Bo=tt 8, -|s1,| -|as 
M=Si, ~(Ag)(Syo*) 


A more comprehensive treatment of amplifier design 
with S parameters is given in references 8, 11, and 12. 

One cautionary note is in order. 

Several papers have been published on the subject of 
simplifying the 8 parameter design procedure by making 
the assumption that the reverse transfer parameter, $12, is 
equal to zero. This procedure totally ignores the entire 
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problem of amplifier stability. 

Modern high gain solid-state RF devices will readily 
oscillate under a wide variety of circuit conditions. 
Stability problems are encountered even with extremely 
low feedback devices such as Linear IC’s and dual gate 
MOSFETS. Therefore, amplifier design calculations which 
do not include device and circuit feedback are only an 
approximation which will yield either an inaccurate 
solution or possibly even an oscillator when the design is 
tested in the laboratory. Reference 13 provides more 
detail on the shortcomings of this procedure, including an 
amplifier design example which did turn out to be an 
oscillator. 


SUMMARY OF DESIGN PROCEDURE 


A summary of the amplifier design procedure using 
two-port parameters is given below. 

1. Determine the potential instability of the active 
device. _ 

2. If the device is not unconditionally stable, decide on 
a course of action to insure circuit stability. 

3. Determine whether or not feedback is to be used. 

4. Determine source and load admittances. 

5. Design appropriate networks to provide the desired 
source and load admittances. 


Stability (Steps 1 and 2 above) 


A stability computation for the worst case conditions 
of open circuit source and load is provided by Linvill’s 
stability factor C. If the C factor indicates unconditional 
stability, no combination of passive terminations can 
cause oscillations. _ 

Stability calculations should include the total feedback 
of the amplifier. In the case of extremely low feedback 
devices such as dual gate MOSFET’s and Linear IC’s, 
external circuit feedback often eclipses the internal device 
feedback. In such a case, the designer should measure the 
external circuit feedback and include it in the design 
calculations. To accomplish this, see the earlier section of 
this note on the composite parameters of two-port LAN’s 
in parallel. . 

If the device is unconditionally stable, the design may 
proceed to fulfill other objectives without fear of oscilla- 
tions. If the device is potentially unstable, steps must be 
taken to prevent oscillations in the final design. Stability 


is achieved by proper selection of source and load 


admittances, by the use of feedback, or both. 


Feedback (Step 3) 


Feedback may be employed in the tuned high fre- 
quency amplifier to achieve stability, input-output isola- 
tion, or to alter the gain and terminal admittances of the 
active device. A decision to employ feedback would be 
based on whether or not its use was the optimum way to 


accomplish one of the foregoing objectives in a particular 
application. 

If feedback is employed, ‘the device parameters may be 
modified to include the feedback network in accordance 
with standard two-port network theory. The remainder of 
the design may then proceed by treating the transistor- 
feedback network combination as a single, new two-port 
linear active network. 


Source and Load Admittances (Step 4) 


Source and load admittance determination is de- 
pendent upon gain and stability considerations, together 
with practical circuit limitations. 

If the device is either unconditionally stable itself or 
has been made stable with feedback, stability need not be 
a major factor in the determination of source and load. If 
the device is potentially unstable and feedback is not 
employed, then a source and load which will guarantee a 
certain degree of circuit stability must be used. Also, it is 
a good idea to check the circuit stability factor during this 
step even when an unconditionally stable device is used. 

Finally, practical limitations in matching networks and 
components may also play an important part of source 
and load admittance determination. 


Network Design (Step 5) 


The final step consists of network synthesis to achieve 
the desired source and load admittances computed in step 
| Sometimes, it will be difficult to achieve a desired 
source and load due to tuning range limitations, excess 
network losses, component limitations, etc. In such cases, 
the source and load admittances will be a compromise 
between desired performance and practical limitations. 


SUMMARY 


The small signal amplifier performance of a transistor is 
completely described by two-port admittance parameters. 
Based on these parameters, equations for computing the 
stability, gain, and optimum source and load admittances 
for the unilateralized, neutralized, and no-feedback 


_amplifier cases have been discussed. 


The unconditionally stable transistor will not oscillate 
with any combination of source and load admittances, 
and circuits using a stable transistor may be optimized for 
other performance requirements without fear of oscilla- 
tions. 

The potentially unstable transistor requires that steps 
be taken to guarantee a stable design. Stability is usually 
achieved by unilateralization, neutralization, or selection 
of source and load admittances which result in a stable 
amplifier. 

Unilateralization and neutralization reduce the com- 
posite reverse transfer admittance. They may be used to 
achieve stability, input — output isolation, or both. 

Maximum power gain per degree of circuit stability 
without feedback may be achieved using Stern’s equa- 
tions. 
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The degree of input — output isolation is described by 
the term sensitivity, which makes it possible to compute 
changes in input admittance for any change in load 
admittance. 

The theory and design equations in this report are 
applicable to any linear active device which may be 
characterized as a two-port network. Therefore, the term 
“transistor” used herein refers generally to all such 


devices, including FETs and integrated circuits. 
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GLOSSARY 

C = Linvill’s stability factor 

k = Stern’s stability factor 

Gs = Real part of the source admittance 

GL = Real part of the load admittance 

Bs = Imaginary part of the source admittance 
BL = Imaginary part of the load admittance 
811 = Real part of yj] | 


£22 = Real part of y22 

G = Generalized power gain 

YL = Complex load admittance 

Ys = Complex source admittance 

GT = Transducer gain 

MAG = Maximum availabie gain 

* = Conjugate 

YIN = Input admittance 

YOUT = Output admittance 

Gmax = Maximum gain without feedback 
Gu = Unilateralized gain 

GTuU = Unilateralized transducer gain 

é = Sensitivity 

s'11 = Input reflection coefficient 

$92 = Output reflection coefficient 

ly, = Load reflection coefficient 

I's = Source reflection coefficient 

K ~~ = Scattering parameter stability factor 
APPENDIX I 


A. Conversions among parameter types for y, z, h, and g 
parameters. 


htoy 
11 > 12 * Yai = 22 ~ 
hay | Ray nay 11 
where Ah = hay Noo - hyo hoy 
y toh 
1 Yy2 Yor Ay 
hyp = OB hoy = hog = 
Yu4 Vay Yuy Yay 
where 4y = Yay Yoo - Yao Yoq 
h to z 
Ah Nie “hoy 1 
Z — Zag = Zo, = Zon = 
11 12 21 22°) 
hoo Noo 22 Noo 
ztoh 
Ag 219 “494 1 
hay = ; hig = ; hoy = ; Nog = 
.. 492 22 22 292 


where 4z = 241? 22 ~ 24 Zo 
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h to g 


| 


811 ~ 


gtoh 


“Ae “Aes 
ej 4 Sos. Se SS 
Ts “AK 210 ah 
where Ah = iy Noo - hie hoy 

“812 ~ 821 
His ce ie 
12 e 21 Ap 


12 21 
Vin = ¥5,5 = 
Be aes sare 
where Az = 244 Zoo = 219 Zoy 
92 Vay 
Zz = 254 2 
12 me 21 Ag 
where Sy =Y11Yo9 - Yyo Vay 
“419 204 
812 : Bo1 ~ i 
11 11 
where Az = 214 %99 - 219 294 
“842 B91 
Ca a 
B41 811 
where Ag = 81) 899 - 812 89) 
512 —821 
YQ = 2 Oana 
899 892 


where 4g = 811 892 - 819 891 


—Vo4 


g 
21 
Y99 


where AY =¥i1 Yoo - Yyo Yar 


hiy 
b22 ~ < 
B11 
eae 
ae 
Yoo = re 
Yui 
sg 2 
22 
Az 
S92 ~ a 
11 
Ag 
Zoo = 
B14 
1 
Yoo * 
899 
1 
892 ~~ 
Yao 


B. Conversions among common emitter, common base, 
and common collector parameters of the same type for y, 


a 
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and h parameters. 
Common emitter y parameters in terms of common 
base and common collector y parameters. 


Yate * Yato * Yian + Yan * Yaan = Yate 
Yiae = "Vion + Yoon) = -Vyie + Y 120) 
Yore = “Yar * Yoon) = "Vite + Yate) 
Yaze ~ Yeap ~ Yi1ic * Yize * Yaic * Yaae 


Common base y parameters in terms of common emitter 
and common collector y parameters. 


"11b = Vite + Yize + Yate + Yove = Vane 
Vian = “Vive * Yore) = -Ware + Vaze) 
Yarn = “Yate. * Vane) = -Wia6 + Yaoe) 

~ Yoae ~ Vutec + Yia6e * Yare * Ya2e 


Y9ap 


Common collector y parameters in terms of common 
emitter and common base y parameters. 


Yate ~ Yate ~ Yim * Yia + Yaw * Vaan 
Yyac = ~Vyye + Yy2e) = -Vayy + Yorp) 
Yore = “Vite + Yate = -Varp + Yiap) 
Yoon ~ Yate + Yiae * Yaie * Yave * Yap 


Common emitter h parameters in terms of common base 
and common collector h parameters. 


Dit Maib - : 

Me (1 + Bigg) Ohya) + boop Bip - Pe gas a 
Pip Peay > Byap (+R2 yp) 21 ib Paap ao: 

nee (1+ hogy) A-hy on) + Hoan My ap : 1+ Bop, oe 

“hor O-hyon) - Moan Baap “Pop 

Be Gs herp) “-Byap) + Boon Pray ca ae kee 
noob hop , 

ae (1 + Boy) (-hy oy) “14 hoi aes 


+ Roop Byip 


Common has h parameters in terms of common emitter 
and common collector h parameters. 


h h 


lle lle 
"itp * (1 + ho.) GQ-h,,) + hy, h 7 
ale’ \°""12e lle “22e 1 +h 
2le 
Nitec bite 
Nie Pace ~ Bate M126 Baa 
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Rite Pare ~ Mizell + Pare) hy re Mave Output Impedance 
h i  — . 
2b a+ hyye) hig.) + By ye Boag 1+ hy 12e AZ + 2994, Yr * Ys hy, + 4, 
Zoyp = ——————— = ——— - 
hy, (1-h,,.) + hy. Roo, Nate Noo, 24) + Z. Ay + Yoo Y, Ah + oo ‘5 
= * (hy. ° 1) 7 _ 
"11¢ aac 7 Bate F126 _ ‘910 AB + Boo ¥, 
ms) fib Yuk h wh - o a oy 
"sie “ize? ~ Wlie “2ze "Bie Sy, * *g 
hoi = * 
(1 + fos.) (hyo) + Bye Bone 1+ hos, Conversion between y parameters and s (scattering) para- 
meters: 
co 1 + Bore) = Byte Pare “(1 + hoi) g. - Aan) O99) + Yay Yor 
= Re il ~ Oro 
(1lt+y,,) (liv...) - vin Va. 
. . . . . li Jans « Fy wf 
Diic Page > Matec B12 noice ago ig “ai 
-2y 
nooe Nove S.. = 12 
hoop = * - (1+¥ 14) (l+¥09) - Vy You 
(1 + hore) (1- hy 2e) + bie h 22e 1+ Dore 
Nooo Noo S54 = a 
- ~ | 2 #941) (4990) - Vyo Yay 
h,,_h - ho, h h 
lle 22c 2lc (12¢ 21c 
a (14914) (-yoo) + Voy Vy0 
. 22 — 
Common collector h parameters in terms of common base (1+¥ 11) (l+¥90)- ¥40 You 
and common emitter h parameters. 
Nw day _|[G+8p9) (1-81) + 849 891] 4 
h See ib — 
lic lle (148,,) (14899) - 815 55, ) (l+s.,) - s Z 
(1 + Ron) (hyo) + Boon Baap 1+ Boy, 11 22’ ~ “12 Sa1 
7 “2845 1 
1 + how Yi2 = G+s iG )- 5 ia 
ho = ~ 1 = Ich | S**844 S90 12 821] “o 
120 1 + ho) (dehie) + Roo h 12e 
21b’ "7" 12b 22b  11b _2 
y 1 
h 21 = —_— 
. 12b - 1 _ ek (+8) 4) igh ~ $12 S91} 4 
2ic ~ 2le 
(1 + Hogp) U-hyop) + Boo Pyyy 2 + Boy, 
‘ | ' yo. = (1+s 1) (1-859) + 849 So4 1 
_ 22b _ 22 22 =| | OU 
Nog, =O a (1+s,,) (1+8,,) - S45 8 Z 
22c 22e 
(1 + hy yp) (1-hy op) + Boop hia 1+ boy, 22 11 12 21 re) 


Expressions for voltage gain, current gain, input im- 
pedance, and output impedance in terms of y, z,h, and g 
parameters. 


Voltage Gain 


21 “L “Voy 21 “L > as 
Ay = = —_— - — 7 
AZ + 244 Zr, Yoo + Yy, hay + AhZ, | Bo9 + Za 
So, 2 40)) 
(1 - Soo ry) (1+ 81) S44 = 
Current Gain | 5 
A. vat Ya *b _ a %n | 7 Ba 
I = = = 
Zoo + Za Ay + Yu Yr, Noo + Yu, Ag + 14 Za, 
So1 = 
Input Impedance 
AZ + Za an Yoo + Yy, Ah + iy Yy, 5. = 
Zin Sst 22 
Zoo + Zr, Ay + Yun %y, hoo + Yy, 
B20 * 41 hy, = 
= ll 
Ag + 81; 41, 
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where Zo= the characteristic impedance of the transmis- 
sion lines used in the scattering parameter 
system, usually 50 ohms. 


Conversion between h parameters and s parameters: 


_ (hy, 1) (hog +4) - hyo hoy 
(hy tt) (hyo td) - Ryo hoy 


2h 


Tt 


12 

(hy #2) (npg t4) - hyp hoy 
“eho 

(hy +1) (hgg+4) - hyo hoy 

(1+hy 1) (L-hy9) + hyp hoy 

(hy +1) (hog +1) - hyp hoy 


(1+s,,) (1+ Soo) - 


TT 


Ht 


tt 


S19 50) 


Z 
re) 
(1-s,,) (1+855) +S 


12 521 


AN-215A 


2819 
1) a 
(1-s,,) (1+859) + 819 894 
“2804 
hoy 


, (1-8) 1) (1+85) + S49 S54 


4d (1-859) (1-8; 4) - S49 89; i 
festa) 


(1-8, ,) (14899) + 89 S51 2 


+ In converting from y to s parameters, the y parameters 
must first be multiplied by Zo, and then substituted in 
the equations for conversion to s parameters. 

ttIn converting from h to s parameters, the h parameters 
must first be normalized to Zo in the following 
manner and then substituted in the equations for 
conversion to s parameters: 


Parameter To Normalize 
hi] | divide by Zo 
hi2 use as is ~ 
h2] use as is 
ho2 multiply by Zo 


- Conversion between z parameters and s parameters: 


(14+ S44) (1 - S50) + $1594 


Lay = 
11 (1 - 8,4) (1 - Soo) - S$ 19891 fo) 


28 
Wa 21 z, 
ai (1 - 811) (1 - Soo) - S$ 19594 oO 


— (1+85,) (1 -81,) +8485, 
22 | (A - 844) (1 ~ Sy9) - 849855] 0 


(244 -Y (Zg9+ YD - 2y9%94 


S.05 9 oO OSE ee. 
11° (24, +2) Zoo + D = 240254 


2245 
Sia Ty 2D (gg + DZ yy Zoy TTT 
a 2Z.y 
Sig (24, +0 Zoo +D = 2520; TTT 


PW | bathe el neces Pier +44 
22 (241+ 1) (Zy9+ 2) - 249494 . 


fftIn converting from z to s parameters, the z parameters 
must first be divided by Zo, and then substituted in 
the equations for conversion to s parameters. | 
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INTRODUCTION 


One of the problems facing the circuit design en- 
gineer is the designof high-frequency matching networks. 
Careful design of a network that will accomplish the re- 
quired matching, harmonic attenuation, bandwidth, etc., 
and yield components of practical sizecan result inmany 
hours spent with pencil and slide rule. 


The design of matching networks for high frequen- . 


cy circuits involves an infinite number of possibilities, 
and a complete tabulation of possible network solutions 
would be virtually impossible. However, it is often nec- 
essary to design matching networks with a 50 + j 0 ohm 
impedance at one port. This, combined with a restricted 


range of impedance values to be matched,imposed bynet-. _ . 


work and device limitations, makes practical a tabulation 
of some of the more commonly used networks. These 
design solutions are given in this report. 


The network solutions included in this report have 
the limitation that one terminating impedance must be 
50+10 ohms. These networks are often used for match- 
ing in transistor RF power amplifier circuits that have a 
90-ohm source or load. When the network does not have 
a 50-ohm termination at either port, the mathematical 
procedure given for each network in Appendix I can be 


nsed for the solution. 


COMPONENT CONSIDERATIONS 


Four networks are presented in this report with 
_solutions in the form of computer tabulations. Each net- 
work has its own limitations. Although the network con- 
figuration is normally up to the discretion of the design 
engineer, it is sometimes necessary to use one configu- 
ration in preference to another in order to obtain com- 
ponent values that are more realistic from a practical 
standpoint. 


Component selection in the UHF and VHF fre- 
quency ranges becomes a major problem, and the net- 
work configuration to obtain realistic component values 
is of vital importance to the design engineer. Design 
calculations for matching networks can become com- 
pletely meaningless unless the components for the net- 
work are measured at the operating frequency. 


For example, a 100 pF silver mica capacitor that 
meets all specifications at 1 MHz can have as much ca- 
pacitance as 300 pF at 100 MHz. At some frequency, the 
Capacitor's series lead inductance will finally tune out 
the capacitance, thus leaving the capacitor net inductive. 


Values of inductance in the low nanohenry range 
are also difficult to obtain, since the inductance of a one- 
inch straight piece of #20 solid tinned wire is approxi- 
mately 20 nH. 


Component tolerances have no meaning at VHF 
frequencies and above unless they are specified at the 
operating frequency. It cannot be over-emphasized that 
components must be measured at the operating frequency. 


NETWORK SOLUTIONS 


The resistor and capacitor shown in the box la- 


beled "device to be matched" represent the complex input 


or output impedance of a transistor. These complex im- 
pedances have been represented in series form in some 
cases and parallel form in others, depending on which 
form is most convenient for network calculation. The 
resultant impedance of the network, when terminated with 
90 + j0ohms, must be equal to the conjugate of the im- 
pedance in the box. The computer tabulations provide 
this solution. 

Network A (see Figure i) is applicable only when 
the ‘device to be matched'' has a series reai part of less 
than 50 ohms. As we can see from the computer tabula- 
tion, as the series real part approaches 50 ohms, the 
reactance of C, approaches infinity. However, in RF 
power amplifiers, we normally find that the series real 
part of both the input and the output is less than 50 ohms, 
making this matching network applicable to most RF 
power amplifier stages. Where the terminating imped- 
ance is other than 50 ohms, the mathematical procedure 
for the network solution is given in Appendix I. 


Network B (see Figure 2) is the Pi network widely 
used in vacuum tube transmitters. As is apparent from 


_ the computer tabulation, this network is often impracti- 


cal for use where R, is small. For values of R, less 
than 50ohms, the inductance of L becomesimpractically 
small while the capacitance of both Cy and Cy become 
very large. Where the Pi network configuration must be 
used to match low values of impedance, a double Pi net- 


. 1 in ¢rhinh tha O nf tha £3 + Han ic + vy lass aan 
WOrs, In WniCn We Ww Oi tne TirSt S€Ction iS very iow, can 


be utilized to yield practical components. 


Network C has been solved intwo forms (see Fig- 
ure 3). Both of these networks have the limitation that . 
Ry must be less than 50 ohms. However, it must be 
stressed that this network configuration quite often yields 
the most practical components where low values of Rj 
must be matched. 

Network D (see Figure 4) is a ''Tee" network. 
This network is useful for matching impedance less than 
or greater than 50 ohms. It has been observed in labo- 
ratory tests that this network configuration also yields 
very high collector efficiencies when used for output 
matching in transistor RF power amplifier stages. 


DEVICE TO BE 
MATCHED 


FIGURE 1 — NETWORK A 


DEVICE TO BE 
MATCHED 


FIGURE 2 — NETWORK B 
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c1 *r2 
. | R 
x - LL 
C2 T° Q 


DEVICE TO 
BE MATCHED 


NETWORK C, 


DEVICE TO 
BE MATCHED 


NETWORK C; 
FIGURE 3 


tion to series: 


Rp 
x 


SAp 


APPENDIX | 


To convert a parallel resistance and reactance combina- 


DEVICE TO 
BE MATCHED 


FIGURE 4 — NETWORK D 
SUMMARY 


Four computer-solved networks have been pre- 
sented. The mathematical procedure for the solution of 
each network has been given in Appendix I.* Although 
the networks have found major use in matching solid-state 
RF power amplifier stages, they are also applicable to 
any circuit where the individual network's limitations 
are fulfilled. 


*For the derivation of the equations used, refer to Elec- 
tronic Circuit Analysis, Volume 1, ''Passive Networks," 
Philip Cutler. 


To solve network C,: 


1. Selecta Q 


Toconvert a series resistance and reactance combination 


to parallel: 


Rp = Ro(1+ (K/R)"] 


To solve network A: 
1. SelectaQ 


= QRy + Xo out 
- AR, 


x. = (B/ANB/Q) __—B 
C1 (B/A)~(B Q-A 
n V2 a 
where = —>--] - 
Ry 
B = R, (1 + Q?) 
To solve network B: 
1. SelectaQ 
x = R,/Q 
R,/R 


VL 
“YQ? + 1)-(R,/R,) 


_ QR, + (R,R, /X 
x, = ——_,-— 
L Q? 


ca) 
+1 


To solve network Cy: 
1. SelectaQ 


2. L, is not used in this network 


To solve network D: 
1. SelectaQ 


~ (RQ) * Xo out 


= R, B 


x. = (A/QA/B) _ _A 


C1 (A/Q) + (A7B) Q+B 


where A = R, (1 + Q’) 


a) 1 
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NETWORK A 


TO DESIGN A NETWORK USING THE TABLES 


es 1. Transform the parallel impedance of the device to 
| | rc p—0o be matched to series form (R, + IX” 
ii es Yor | ALi Xoo 2. Define Q, in column one, as X /4- 
“lS {See Step 5) Re . L 
ij } i Xai-T 50 2 3. Choose a @. 
i a7 a: = 4. ForaQ, find the R_ to be matched in the R column 


and read the reactive value of the components. 
DEVICE TO BE 


MATCHED 5. Xz 7 is equal to the quantity XLi obtained from the 
tables plus IXcout | . 


6. This completes the network. 


1 | : 4 
i 3 4 
1 : 4 
1 | 3 4 
1 ; 4 
1 3 4 
; 1 13 4 
1 | 4 
i 3 4 
1 : 4 
1 ; 4 
11 4 
1 3 
| 3 
i 48 Kiet 48 45 3 
[2 | 22 | 32.7 | 15.8 | 11 3 5 | 10) 10.8 | 10 
5 | 151 18.3 | 37.4 
12 | 24 | 38.6 | 22.4 | 12 3 
5 | 201 26.3 | 52 
2 | 26 | 45 27.4 | 13 3 
5 | 251 34.8 | 63.2 
2 | 28 | 51.2 | 31.6 | 14 | 3 5 | 25 
a !| 6n —_ “ 9) SU 44 73 
2 30 58 35.4 15 3 5 35 54 81 
2 | 32 | 65.3 | 38.7 | 16 3 
| 5 | 401 65 89 
lo | 34 | 73.1 | 41.8 | 17 3 
| 5 | 451 76 96 
2 | 36 | 81.4 | 44.7 | 18 3 
| | 5 | 50 | 88 102 
2 | 38 | 90.3 | 47.4 | 19 3 
5 | 55 | 101 108 
2 | 40 | 100 50 20 3 | 
2 | 42 |110.4 | 52.4 | 21 | 3 9 { 60) 115 | 114 
; - | 5 | 65 | 130 120 
; a3 5 | 70| 146 125 
5 o4 4 5 | 75 | 163 130 
; - 4 5 | 8o{ 181 135 
; 36 4 5 | 85 | 201 140 
; a7 4 5 | 90 | 222 145 
5 8 4 5 | 95 | 245 149 
; oo 4 5 | 100 | 269 153 
5 30 4 5 | 105 | 295 157 
; 30 4 5 | 110] 323 162 
5 3a 4 5 | 115 | 354 166 
3 . 4 5 | 120 | 387 169 
5 38 4 5 | 125] 423 173 
13 40 4 5 | 130 | 462 177 
3 0D 4 5 | 135 | 505 181 
; ta 4 5 | 140] 553 184 
3 16 4 5 | 145 | 604 188 
3 ts 4 5 | 150 | 662 191 
| 8B 4 5 | 160] 796 198 
3 6 4 5 | 1701 965 204 
3 7 4 5 | 180 | 1184 | 210 
3 8 4 5 | 19011477 | 217 
3 9 4 5 | 200] 1890 | 222 
3 10 4 5 | 210 | 2510 | 228 
3 11_ 4 5 | 220 | 3548 | 234 
3 12 4 5 | 230] 5628 | 239 
3 13 4 5 
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i i ne Be ee ee ee | 


| 9 
8) 
9 

| 9 

Lose 
8) 
9 
9 

| 9 

| 9 
8) 

i 9 
a) 

| 9 

| 9 
9 
8) 

| 9 
&9 

| 9 
9 
9 

| 9 
9 

| 9 

| 9 


| 6 
i 6 
1 6 
| 6 
| 6 
1 6— 
16 
416 
6 
| 6 
16 
| 6 
| 6 
i 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
6 
| 6 
| 6 
' 6 
| 6 
| 6 
16 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 6 
| 7 
7 
| 7 
| 7 
| 7 
17 
| 7 
7 
17 
| 7 
ee 
q 
Tq. 
17 
q 
| 7 
| 7 
4 
7 
17 
17 
| 7 
| 7 
\ 7 
| 7 


FOOODOODODDOOODO OI DWDM DDD ADDDDDDDDDDDDDDDDDDDODODDMDDDDMDDMDHHOM 


Pee : 
Fe OOOO P wNM 
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NETWORK B 


he following is a computer solution for the Pi network when R, equals 50 ohms. 


TO DESIGN A NETWORK USING THE TABLES 


1. Define Q, in column one, as R,/X 


1 


2. Cy actual is equal to C, — paraiiel Cant of device to . 
be matched. 7 


Cl 


MATCHED This completes the network. 


i 
| 
i 
i 
! 
DEVICE TO BE ; 


| .53{ 1] | 5 | 20 14.43} 32.55 | 100 | 


1 
.33 2 1 
‘ 3. 2 
. 88 4.76 3 
) 4 
6 ) 


jo [Fer | Hea 
| 5.03 | 5.47 
67 


2 

3 

3 

33 4 
67 9. 03 

33 7 

8 

10 


67 
33 | 11.47 | 18.4 25 


REND pet pt 
ououRhWDN = 
OW me QOD 1 we ee OO} 


Pet pat fed peek eh 
aaga»uwa ana aan ara a OF OF U1 


WOWWWWWWWWWWEWWWWWWWWWWWwWwWwWWWWoO § 


AHL SAL SAL LA Rae eA | 


FONNONN NM NYNNNNYNNYNNYNYNYN NNN WNNYNYD DDD fe ee ee ee ee rt et et et et ee ee 
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Pepe] Pls.) Pe el 
| 7 | 21.43] 12.63 | 32.87 | | fio] 01 | 07] 0.8 1] |16| 18.75 | 7.73] 26.23] 300] 


Se ene ene ee Ee Ne BE ee Be Be ee 


DDO DWDDWWDDADDWDDADDMDDDADDDBDADDABDDDBAADADOO 


FHOMOOOOOOMONONONOMOONMOM OOOO WOOHOO WO 
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NETWORK C, 


The following is a computer solution for an RF matching 
network. This computer solution is applicable for two 
forms of matching networks. 


TO DESIGN A NETWORK USING THE TABLES 


1 x = X 4 
Li C out 


2. Define Q, in column one, as Ka,/Ry- 


3. All network values can now be read from the charts 
in terms of reactance. 


| 
i 
| 
i 
H 
DEVICE TO 


BE MATCHED | 4. This completes network C,. . | 


TO DESIGN A NETWORK USING THE TABLES | 


L, is not used in this network. 


Transform the impedance of the device to be matched | 
to series form (R, + Xo out)” 


Define Q, in Sain one, as Xo4/R,- 


For a desired Q, find the R. to be matched in the 
R, column and read the reactive value of the com- 
ponents. 

DEVICE TO_ > . Xyz,9' is equal to the quantity XL,2 obtained from the 
MATCHED - tables plus | XCout | : 


This compietes network Co. 


I2 | Xe1 | Xe2 | 

i 1 7.14 | 2 

1 2 10.21 2 

11 3 12. 63 | 2 

i 4 14,74 | 2 

11 5 | 16.67 | 2 

}1 6 18. 46 | 2 

1 7 | 20.17 2. 
11 8 | 21.82 2 | 2 

11 9 | 23.43 | 2 2 

i1 | 10 25 | 2 2 

}1 | 11 | 26.55 | 2 lo 

}1) 12 | 28.1 | 2 9 

i121 | 13 |) 29.64 12 | 9 

11 | 14 | 31.13 | 2 ae 
f1 | 15 | 32.73 ;2 | 3 

11 / 16 | 34.3 12 13 

f1 | 17 | 35.89 | 2 | 3 

H1} 18 | 37.5 2 | 3 

li} 19 | 39.14 12 | 3 

11 | 20 | 40.82 }2 | 3 

f1 | 21 | 42.55 f2 | 3 

j1 | 22 | 44,32 | 2 | 3 

}1 | 23 | 46.15 12 13 

11 | 24 | 48.04 | 2 | 3 

11 | 25 | 50 | 2 | 3 

11) 26 | 52.04 | 2 3 

}1] 27 | 54.17 2 | 3 

11 | 28 | 56.41 2 | 3 

1| 29 | 58.76 2 3 

l1 | 30 | 61.24 \2. 3° 
1} 32 | 66.67 (72 | 3 

1| 34 | 72.89 12 3 

i1 2 {3 
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| . . | 28 | 14.74 | 41.56 
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Poa» AALAKH ALA HL LAA AHL A AH BAA HAL A BAA HLH PAPA AAA DL ALP EAB RTO WWWWWWWWWWWWWWWwWwWWwWww i 
TTDTIAAMAMAAMAAMAAARMAMRMAAAMAMAAMM®AAARAMAMMAAARAAAMAAAMBMAMABDfONUMUHMGHGMVGMMGGAGHGIHAMMMIHGAHKAHGTHT 


5 7.14 | 12 1 
10 | 10.21 | 19.8 
15 | 12.63 | 26.87 | 3 
20 | 14.74 | 33.56 | 4 
25 | 16.67 | 40 | 5 
30 | 18.46 | 46.25 | 6 
35 | 20.17 | 52.35 | 7 
40 | 21.82 | 58.33 | 8 
45 | 23.43 | 64.21 | 9 
50 | 25 70 10 30 
55 | 26.55 | 75.71 | 14 
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[SPeal Yee | Ma TH [Pfcx | Mea | a [ Y oe 


8 | 320 |.100 340 9 | 414 169. 56 427.5 120 28.1 141.3 
8 | 336 114. 56 354. 33 i 9} 432 |244.95 ae re is 130 29. 64 a i 
g | 352 | 135.4 | 368.25| 44 9/216 | 48.04 | 240.98]. 24 10/ 140 | 31.18 | 162.45 | 14 | 
| 8 381.56 | 9/225 | 50 250 25 10] 150 | 32.73 | 172.91 | 15 
sai 393.8 . 9) 234 §2.04 58. 38 26 10; 166 | $4.3 | 183.32 16 
9 1 9; 243 54.17 267. 92 27 10; 170 35. 89 193. 69 17 
: ras 9/252 | 56.41 | 276.82] 28 101180 | 37.5 | 204 18 
ae : $ | 261i 58. 76 285. 88 29 j 10} 190 | 39.14 | 214.27 i9 § 
Pee ly neon Saeco Se 9270 | 61.24 | 294.49 | 30 | 10] 200 | 40.82 | 224.49 | 20 
9 45 16. 67 60 5 9 | 288 66. 67 312 32 10| 210 42.55 234. 68 21 
9 54 18. 46 70. 25 6 9} 306 72.89 329. 32 34 10| 220 44. 32 244, 82 99 
9 63 20. 17 80. 35 ” 9 | 324 80. 18 346. 45 36 10} 230 46. 15 254. 92 23 
9 72 21.82 90. 33 8 9} 342 88. 98 363.35 38 10} 240 48.04 | 264.98 | 24 
9 81 23.43 100.21 9 9 | 360 100 380 40 10 | 250 50 275 25 
9 90 95 110 10 9 | 378 114.56 396. 33 42 10} 260 52.04 284. 98. 26 
1 9 412.25 44 10] 270 54,17 294, 92 27 
i 9 99 26.55 119 71 il : | | f 1 5 Aa ANA AN | 90 i 
9 i108 28 i 129 35 j2 = inal enna 10 280 VU. = VU. Ve au 
| . 10} 290 58. 76 314. 68 29 
9/.117 29. 64 138. 93 13 1 
10; 300 61.24 324.49 30 
9} 126 31.18 148, 45 14 9 
10] 320 66. 67 344 32 
1 9/ 135 32.73 157,91 15 3 
10| 340 72.89 363. 32 34 
9] 144 34.3 167, 32 16 4 
10| 360 80, 18 382.45 36 
9] 153 35.89 176.69 17 5 
10; 380 88.98 401.35 38 
| 9] 162 37.5 186 18 6 
10; 400 100 420 40 
9/171 39.17 195.27 19 7 
10} 420 114.56 438.33 42 
9].180 40. 82 204.49 20 8 
10} 440 135.4 456. 25 44 
9/ 189 42.55 213. 68 21 9 
10} 460 169. 56 473.56 46 
9} 198 44, 32 222.82 22 0 10} 480 244.95 489.8 48 
9| 207 46.15 231. 92 23 1 : 


NETWORK D 


The following is a computer solution for an RF ''Tee"' Cy. Variable matching may aiso be accomplished by in- 
matching network. | creasing Xr 9 and adding an equal amount of Xai in series 
Tuning is accomplished by using a variablecapacitor for in the form of a variable capacitor. 


TO DESIGN A NETWORK USING THE TABLES 
Define Q, in column one, as X, ,/R,: 


For an R, to be matched and a desired Q, read the 
reactances of the network EOmpenenls from the 
charts. 

X7,1' is equal to the quantity X14 obtamee from the 


DEVICE TO tables plus | Xc,.41 - 


BE MATCHED This completes the network. 


1 2 
1 2 
1 2 
1 2 
1 } 2 
1 2 
1 2 
1 2 
1 2 
1 a 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 1 2 
1 2 
1 | 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
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L_ PLA ALAA LHL LAA A HL LP PPP HP HP PP 


100 
104 


101. 
105.) 
109. 
113. 
(116. 
120. 
123. 
127. 
130. 
133. 
136. 


140 


p 4 
4 
7 4 
1 4 
mae 
| 4 
Ral 
r 4 
A 4 
1 4 
| 4 
| 4 
, 4 
i 4 
1 4 
4 
| 4 
; 4 
; 4 
; 4 
; 4 
; 4 
, 4 
| 4 
, 4 
1 4 
1 4 
, 4 
1 4 
1 4 
} 4 
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17 9 
7 8 19 
7 +8 a 
7 | I 8 9 | 
7 i 8 9 | 
7 i 8 9 | 
ra 6 | 352 | 374.83 | 184.56 5 i 4 0.24 
7 | 8 9] 1 
7 | 8 9 | 1575 | 845.58 | 553.81] 175 
7 | 8 9 | 1800 | 904.16 | 605.54} 200 
7 ‘| 8 9 | 2025 | 959.17 | 654.64] 225 
7 | 8 9 | 2250 |1011.19 | 701.48) 250 
7 @ 9 | 2475 |1060.66 | 746.36] 275 
17 18 | 560 | 474.34 | 260.2 | 70| 9 | 2700 |1107.93 | 789.51 | 300 
ij 7 | 8} 600 | 491.17 | 273.52) 75 | Se 
17 18 | 640 | 507.44 | 286.52} so} 710) 10) 50.5 9.17) 1 
17 18 | 680 | 523.21 | 299.23) 85 | | 10) 20) 87.18) 17.2 2 
| 7 /8| 720 /538.52 | 311.66] 907 20) 30) 112.47 | 24.74) 3 
i 7 8 | 760 | 553.4 | 323.84] 95 $10; 40) 133.04 | 31.91) 4 | 
| 7 18} 800 | 567.89 | 335.78] 1007 | 10) 50/ 150.83 ) 38.8 | 5 
7 8 | 1000 | 635.41 | 392.36] 125 }10) 60) 166.73 | 45.45) 6 
| 7 18 | 1200 | 696.42 | 444.63] 150} 410) 70) 181.25 ) 51.89) 7 
| 7 18 | 1400] 752.5 | 493.49] 175] 710) 80) 194.68 | 58.16) 8 
| 7 | 8 | 1600 | 804.67 | 539.57| 200] | 10] 90) 207.24) 64.26) 9 
| 7 | 8 | 1800 | 853.67 | 583.29| 225] | 10) 100) 219.09 | 70.23) 10 
| 7 | 8 | 2000 | 900 625 250 | +10; 110] 230.33 76.06]. 11 | 
| 7 1 8 | 2200 | 944.06 | 664.96) 275] | 10) 120) 241.04) 81.78) 12 | 
| 7 | 8 | 2400 | 986.15 |. 703.38] 300] | 10) 130) 251.3 aa eal 
& ey. «| t0) 440) 261. 15:) 92.89) 144 
7 9} 9] 40 8.37] 1 110] 150] 270.65 | 98.29} 15 | 
| 7 9| 18 | 75.5 15.6 2 110] 160] 279.82 | 103.61] 16 | 
l 7 [9] 27] 98.99 | 22.4 3 110] 170/ 288.7 | 108.85] 17 | 
| 9 lo] 36] 117.9 28.88/ 4] | 10] 180| 297.32 | 114.01] 18 
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INTRODUCTION 
Two of the most popular RF small signal design tech- 
niques are: 
1) the use of two port parameters, and 
2) the use of some type of caubialnt circuit for the 
transistor. 
Early attempts to adapt these techniques to power ampli- 
fier design led to poor results and frustration. 

In the mid-1960’s, Motorola pioneered the concept of 
solid state power amplifier design through the use of large 
signal transistor input and output impedances. This sys- 
tem has since achieved almost universal acceptance by solid 
state communications equipment manufacturers. It pro- 
vides a systematic design procedure to replace what used 
to be a trial and error process. This note is a description 
of the concept and its use in transmitter design. 


LIMITATIONS OF SMALL-SIGNAL PARAMETERS 


As a vivid example to show the short-comings of trying 
to adapt small-signal parameters to power amplifier design, 
the 2N3948 transistor was considered. A performance 
comparison was made of the 2N3948. operating at 300 
MHz as a Class A small-signal amplifier, and as a Class C* 
power amplifier delivering a power output of | W. Table I 
shows the. results of this comparison. 


CLASS A CLASS C 
Small-signal amplifier Power amplifier 


Vce = 15 Vde;!, = 80 mA; Vcg = 13.6 Vde; 
300 Miz Po =1W 
Input resistance 9 Ohms. 
Input capacitance : 


orinductance 0.012 uH- 
Transistor output 
resistance 199 Ohms 
Output capacitance . 4.6 pF 
Gpe 12.4d6: 


Table | — Small- and large-signal performance data for the 2N3948 
show the inadequacy of using small-signal characterization data for 
large-signal amplifier design. Resistances and reactances shown are 
parallel components. That is, the large-signal input impedance is 
38 ohms in parailel with 21 pF, etc. 


The most striking difference in this comparison is in 
the device input impedance. As operation is changed from 
small-signal to large-signal conditions, the complex input 
impedance of the 2N3948 undergoes a considerable change 
in magnitude and actually changes from inductive to capa- 
citive reactance. 


*Class C, as used here, refers to operation with both the emitter 
and base at dc ground potential and with the collector supply as 
the only dc voltage applied, regardless of resulting device conduction 
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SYSTEMIZING RF POWER AMPLIFIER DESIGN 


Note also that the transistor’s output resistances and 
power gains are considerably different for the two modes 
of operation. This example clearly demonstrates the in- 
accuracies that would result in a power-amplifier design 
based on the small-signal parameters of this device. 


IMPORTANCE OF LARGE-SIGNAL PARAMETERS 


The network theory for power amplifier design is well 
known but is useless unless the designer has valid input 
and output impedance data for the transistor. The design 
method described in this report hinges primarily on the 
direct measurement of these parameters for use in network 
synthesis equations. Large-signal impedance data, together 
with power output and gain data, provide the designer 
with the information necessary to design his amplifier net- 
works and to predict the performance that should bea- 
chieved when the design is completed. 

Aclear understanding of the test conditions and method 
of presentation for the large signal impedance data is im- 
portant. 


TEST CONDITIONS 


The term “large-signal input impedance” and “large- 


signal output impedance” refer to the actual transistor 


terminal impedances when operating in a matched ampli- 
fier at the desired RF power output level and dc supply 
voltage. 

“Matched” is defined as the condition where the input 
and output networks of the test amplifier provide a con- 
jugate match to the transistor, such that the input and 
output impedances of the amplifier are 50 + j 0 ohms. 

Large-signal impedances should not be confused with 
small-signal, two port parameters which are normally meas- 
ured at low signal levels with Class A bias and the transistor 
(or IC) connected directly to a short, open, or 50 ohm 
termination. 

Most of the data which appears on Motorola RF power 
transistor data sheets is measured in common emitter, Class 
C amplifiers; as this condition covers the majority of device 
applications. 

One significant exception to this iavalves transistors 
characterized for Class B linear power amplifier service. 
Examples of such transistors are the Motorola 2N5941-2 
series. Since these transistors are designed specifically for. 
linear service, their large-signal impedances were measured 
in a linear power amplifier test circuit with a two tone test 
signal instead of the conventional single frequency signal. 


, For further information on these transistors see the 


angle. Usually, the emitter is connected directly to chassis ground 
and the base is dc grounded through an inductive network element 
or choke. 
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Vec = 12.5 Vde 


Rin, INPUT RESISTANCE (Ohms) | 


f, FREQUENCY (MHz). 


_ FIGURE 1 — Parallel Equivalent Input . 
Resistance versus Frequency 


Court, OUTPUT CAPACITANCE (pF) 


30 35 


40 


50 


f, FREQUENCY (MHz) 


FIGURE 32 — Paralle! Equivalent Output 
Capacitance versus Frequency 


Motorola 2N5941-2 data sheet. 


DATA FORMAT 


Much of the information on device data sheets is pre- 
sented in parallel equivalent form of resistance and capa- 
citance. Figures 1-3. form an example of this type of. 
presentation. The data may also be presented in series 
equivalent form. It makes no difference which form is 
used as long as the designer pays particular attention to 
the form and uses the data accordingly. As.a convenience, 
the series-parallel equivalent conversion equations are given 
in Appendix A. 

For example, reading the complex input impedance, 
from Figures | and 2 at 50 MHz with 40 W output and a 
12.5 Vdc collector supply, we obtain a value of 0.8 ohms 
resistance in parallel with a SOO pF capacitance. 

Another form of impedance data presentation uses the 
series equivalent form plotted on a Smith Chart. This 
form is popular with UHF power transistors due to the 
extensive use of the Smith Chart in microstrip network 
synthesis. Figure 4 is an example of large-signal impedances 
plotted ona Smith Chart plot. Note that Figure 4 includes | 
complete complex output impedance data, not just the 
output capacitance. This topic is discussed more fully in. 
the section on collector load resistance. 


Vec = 12.5 Vde 
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FIGURE 2 — Parallel Equivalent Input 
Capacitance versus Frequency 
AMPLIFIER DESIGN 


After selection of a transistor with the required per- 
formance capabilities, the next step in the design of a 
power amplifier is to determine the large-signal input and 
output impedances of the transistor. When using devices 
for which the data is available, this step involves nothing 
more than reading the complex impedance values off of 
the data sheet. If only output capacitance is given on the 
data sheet, the collector load resistance may be calculated 
in the manner described in the Collector Load Resistance 
Section of this note. . . 


Again, the designer is cautioned to carefully determine 
whether the data sheet impedance curves are in parallel 
or series equivalent form, and to use the data accordingly. 
If the data is not available, a later section of this note 
contains information on large-signal impedance measure- 
ment. 


- jOutput =: 


LEP 
ee a 


FIGURE 4 — Large Signal Input and 
Output Series impedances, 2N6256 
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Having determined the large-signal impedances, the de- 
signer selects a suitable network configuration and proceeds 
with his network synthesis. 

The primary purpose of this note is to describe the 
large-signal impedance concept. Accordingly, network selec- 
tion and synthesis are beyond the scope of this discussion. 
For specific transmitter design examples using this concept, 
the reader is referred to the following Motorola Application 
Note: AN-S48A. 


COLLECTOR LOAD RESISTANCE 


Large-signal impedance data at HF and VHF have for 
the most part been published by Motorola without collec- 
tor load resistance information. The reason is that the load 
resistance can easily be calculated. The conditions nec- 
essary to obtain this load resistance derivation will now be 
discussed. . 

If certain simplifying assumptions are made, the theo- 
retical collector voltage of a power amplifier with a tuned 
output network is a sine wave which swings from zero to 
2 Vcc, where Vcc is the dc collector supply voltage. 

me assumptions include: 
1. VCE(sat) is equal to zero. 

2. The output network has sufficient loaded Q to pro- 
duce a sine wave voltage regardless ¢ of transistor con- 
duction angle. 

3. The voltage drop in the dc collector supply feed 
system is zero. 

4. The collector load impedance at all harmonics of the 
operating frequency is zero. 

Obviously none of the foregoing assumptions is true, 
and the most serious discrepancies probably arise from 
assumptions | and 4. However, conditions are close enough 
to give good results. 

Let us assume for a moment that this theoretical con- 
dition does exist. The parallel equivalent collector load 
resistance, Ry’, then becomes a function of desired RF 
output power and Vcc only. The expression for RU, 
given in equation | is readily derived. 


(cc)? 
Rp = l 
LS P (1) 
where P = RF output power 


Therefore, the complex collector load impedance for 
an amplifier design would be the conjugate of the parallel 
equivalent output capacitance and collector load resistance 
computed with Equation 1. 

Figure 5 provides a graphic solution to Equation | for 
the four popular dc supply levels of 12.5, 13.6, 24 and 28 
volts. 

Despite the assumptions required, experience with HF 
and VHF lumped-component, power amplifiers with supply 


voltages from 7 to 30 Vdc and power output levels froma | 


few tenths of a watt to 300 watts have proven that the 
use of Equation 1 to compute Ry’ for network synthesis 
yields good results. That is to say, the types of HF and 
VHF lumped component collector output networks which 


1 


PT RSS 
Ts 


a 
Oo 


= 
oO 


COLLECTOR LOAD 
RESISTANCE, OHMS 


RF POWER OUTPUT, WATTS | 


FIGURE 5 — Collector Load Resistance versus 
Power Output 


have proved best from the standpoint of proper impedance 
matching with low losses and smooth tuning generally have 
a sufficient tuning and matching range to compensate for 
any errors associated with Equation 1. - 

Of course if the VCE(sat) of the transistor is accurately 
known for the frequency of operation and collector current 
swings anticipated in a particular amplifier, Equation 1 is 
readily modified as follows: 


Vcc-VCE(sat))” 
RL! = (VCC-VCE(sat)) (2) 
2P 

The advent of greatly increased numbers of UHF power 
transistors and their associated amplifier design problems 
brought some revisions to Motorola’s methods of presenting 
large-signal transistor impedances for UHF devices. Among 
the reasons for this are the popularity of microstrip match- 
ing networks and the higher VCE(sat) values at UHF. 

The major difference in the data format involves output 
impedance, which is presented in full complex form in- 
stead of plotting parallel equivalent output capacitance 
only and using Equation | to compute the load resistance. 
Further, the UHF devices are measured in a microstrip test: 
amplifier for the purpose of determining the transistor im- 
pedances in an environment which is as. close as possible 
to that of the majority of the actual applications of the 
device. And finally, a Smith Chart plot is used as this is 
more convenient to the microstrip network designer, who 
often makes extensive use of the Smith Chart as a deSign 
tool. 

Future: Motorola data sheets may also include collector 
load resistance data at frequencies below UHF. The infor- 
mation is automatically generated for the test circuit in 
use while measuring Cjn, Rin and Couyt-. 


PARAMETER MEASUREMENT 

Although design engineers will find large-signal impe- 
dance characterization on Motorola data sheets for RF 
power transistors, it may help to know how this data is 
obtained. The transistor is placed in a test circuit designed 
to provide wide tuning capabilities. Design of the first. 
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test amplifier for a new transistor type is based on esti- 
mates of input and output impedance. | 

Since the input and output impedances are needed to 
design an amplifier which is then used to measure the im- 
pedances of the device, we have a “chicken or the egg” 
ange networks neip COiti- 
pensate for errors in the impedance estimates and they 
also permit the same characterization amplifier to be used 
at muitiple power output levels. 


turns Af nena: 8 ee ee 
iype Gi prouiemi. Wiae wining F 


The amplifier is tuned for a careful impedance match 


at both input and output. Several precautions are in order 
to insure that this is accomplished. 

Tuning for maximum power output is valid only if the 
source and load impedances are an accurate 50 + j 0 
ohms. Usually a good 50 ohm load is available in the 
laboratory. Such a load should be used, as tuning for 
maximum output power for a given input power is the 
best method to use on the amplifier output network. 

The input network poses some additional problems. 
First, many laboratory RF power sources are not accurate 
50 ohm generators. A generator impedance that is not 50 
ohms can introduce errors in measuring gain as well as 
input impedances. In addition, a source with high harmon- 
ic levels can cause difficulties in low Q input networks. 

A good solution to this problem is to use a dual direc- 
tional coupler or directional power meter in the coax line 
between the generator and the test amplifier. The amplifier 
is then tuned for zero reflected power, thus indicating that 
the input network is really matching the transistor input 
impedance to 50 + j 0 ohms. 

In practice, the reflected power usually will not null all 
the wav to zero, so one should insure that the null is at 
least as deep as that obtained pwiti a good 50 ohm passive 
termination. 

In some cases, the amplifier will reflect enough harmonic 
power to prevent a satisfactory reflected power null from 
being obtained. A good solution to this problem is to 
place a fundamental frequency bandpass filter at the re- 
flected power port of the dual directional coupler. 

A typical test amplifier for HF and VHF measurements 
is shown in Figure 6. For UHF device characterization, 
amplifiers employing microstrip matching networks are 
most commonly employed. 

After the test amplifier has been properly tuned, the dc 
power, signal source, circuit load, and test transistor are 
disconnected from the circuit. Then the signal source and 
output load circuit connections are each terminated with 
50 ohms. After performing these substitutions, complex 
impedances are measured at the base and collector circuit 
connections of the test transistor (points A and B respect- 
ively in Figure 7). The desired data, the transistor input 
and output impedances, will be the conjugates of the base 
circuit connection and the collector circuit connection, 
impedances respectively. 

By operating test amplifiers at several different frequen- 
cies with at least two power outputs, sufficient data can be 
obtained to characterize a transistor for the majority of its 
power applications. 


FIGURE 6 — Typical Test Amplifier Circuit 


Complex impedances are measured at the 
base and collector circuit connections of the 
test transistor (points A and B respectively). 
Desired data will be the conjugates of these 
impedances. 


FIGURE 7 — Test Circuit with Transistor - 
Removed 


SUMMARY 


The large-signal impedance characterization of RF power 
transistors has provided the most systematic and successful 
power amplifier design method the author has encountered 
since the concept was explored in depth in the mid 1960’s. 


APPENDIX A 


PARALLEL-TO-SERIES AND SE RIES-TO-PARALLEL 
IMPEDANCE CONVERSION EQUATIONS. 
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UHF AMPLIFIER DESIGN 
USING DATA SHEET DESIGN CURVES 


INTRODUCTION 7 
The design of UHF amplifiers usually involves a parti- 


cular set of device parameters of which h, y, and s param- 


eters are probably the most familiar. These parameters are 
commonly used to determine device loading (input and out- 
put) admittances for particular gain and stability criteria. 
The design procedure for determining gain and stability 
usually involves a mathematical solution, a graphical ap- 
proach, or a combination of both. 

This report describes a design technique for the unneu- 


tralized case whereby the device loading admittances are 


taken directly from device design curves. An example is 
given of how these design parameters are used to design a 
single stage 1 GHz microstrip amplifier and predicted re- 
sults are compared to actual measured values. Practical 
circuit construction techniques are also discussed for the 
benefit of readers unfamiliar with microstrip techniques. 


STABILITY CONSIDERATIONS 


Two very important methods! for expressing stability 
involve Linvill’s stability factor ‘“C’’ and Stern’s stability 
factor “k”. The first deals primarily with the device since 
an open termination is assumed on both the input and out- 
put and is formulated: . 


| ¥12¥12) 
2811 82 — Re (y12 ¥) 


If “C” is greater than 1, the transistor is potentially un- 
stable. However, if C is less than 1, the transistor is un- 
conditionally stable. The C factor versus frequency for 
the common base and common emitter configurations 
(2N4957) are shown in Figures 10 and 17 respectively. 
The second method is primarily circuit oriented and is 
used to compute the relative stability of an actual ampli- 


fier circuit for the particular source and load terminations 


used. If “k” is greater than 1, the circuit is stable. If “k” 
is less than 1 the circuit is potentially unstable 

Stern has developed equations for calculating the input 
and output loading admittances for maximum power gain 
with a particular stability factor, k. These values of input 
and output admittances in conjunction with the device 
parameters can then be used to calculate the transducer 
gain. ; : 
= 2(g14 + Gs) (899 + Gz) 


1¥12Y23| + Re '¥y 990) 
= -| K{\y;2¥23| + Re(vj2¥21)) 
gay earn * Rev 2Y20. 
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| (Gs + g,)) Zo . faites 

~ Vid +R |. ou 

Hy12¥21| €y12Y21 ; 
(GL +899) Zo 


Villy avail + Re(yyo¥2))] | 


Where, . 
7 - Bs* bi) (GL +822) +(BL+ by2) k(L + MY/2(GL+822) 
Vvk(L+M) | 
L= |¥1¥21| 


M= Rely;2y21) 
Defining D as the denominator in GT expression yields: 


Z4[k(L+M)+2M] Z2 
D=—-+ so 2M -2NZVk(L+M)+A2+N2: 


4 2 
where A= ee -M, 
N=Imly}y9)), 
and, | OO 


Zo = that real value of Z which results in the smallest mini- 
mum of D, found by setting, 


ao 73+ [k(L +M) + 2M] Z-2NVK(L+ M). 
equal to zero. 


4Re (Ys) Re (YL) iyo 


GT = —---- 
lly, + Ys) (¥9 + YL) -¥y 29941? 
k = Stern’s stability factor 
Gs = Real part of the source admittance 
GL = Real part of the load admittance 
Bs = Imaginary part of the source admittance 
BL = Imaginary part of the load admittance 
811. = Real partofy,, 
822 = Real part of Y9 
YL. = Complex load admittance 
Ys = Complex source admittance 
GT = Transducer gain 
YIN = Input admittance 


YOUT = Output admittance 


Gmax = Maximum gain without feedbak 
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Computer solutions of these equations for various values 
of k versus frequency have been plotted in Appendix I for 
the 2N4957. These curves include common-base (Figures 
10 through 16) and common-emitter (Figures 17 through 


aN 
he ha Jo 


From these curves, the designer can determine the input 
and output loading admittances for maximum power gain 
ai a particular circuit stability. In addition, the transducer 
power gain under these conditions can also be determined. 
Thus the designer, rather than reading s or y parameters 
from a curve and using this information to design an ampli- 
fier, has all the design equations solved and presented in 
convenient, computer-derived design curves. 

The following example demonstrates how these curves 
can be utilized in the design of a 1 GHz amplifier using the 
2N4957. In addition, a second example is shown to de- 
monstrate the special case where input admittance is de- 
termined primarily by noise figure considerations rather 
than by maximum power gain. 


1 GHz AMPLIFIER DESIGN 


A preliminary investigation of stability and power gain, 
common-emitter and common-base, can be quickly made 
from the design curves. For instance, the unilateralized 
gain (Figure 8) at 1 GHz is approximately 15 dB for either 
the commoh-emitter or common-base configuration. Also, 
the C factor for the common-base configuration (Figure 10) 
is greater than one and indicates potential device instability. 
However, the C factor for the common-emitter configura- 
tion (Figure 17) is less than one and indicates uncondi- 
tional device stability. 

Figures 16 and 22 are key curves that show transducer 
power gain for the common base and common emitter 
configuration respectively. Assuming a circuit stability 
factor of 4*, power gain is approximately 15 dB, common- 
base. Although the common-emitter curve is not extended 
to | GHz(since this is a region of unconditional stability) 
power gain for k = 4 would be obviously much less than 
15 dB. 

Using the common base configuration with k = 4, the 
required input and output admittance for maximum power 
gain can be determined directly from Figures 11 through 
16. | 

For instance, the real part of the output admittance can 
be read from either Figure 11 or 12. Figure 12 is an ex- 
panded version of Figure 11 and is intended to facilitate 
lower frequency use. The imaginary portion of the output 
admittance is shown in Figure 13. Figures 14 and 15 show 
the real and imaginary portions of the input admittance 
respectively. The resultant input and output admittances 
are shown in Figure 1 and are summarized: 


Conditions: (2N4957) 


VCE =10V 
Ic =2mA 
f = 1 GHz 
GT =15dB 
k = 4 
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Input admittance = 69.5 mmhos +j27.1 mmhos 
Output admittance = 1.53 mmhos -j7.46 mmhos 


It becomes apparent that the emitter must “‘see”’ an ad- 
mittance of 69.5 mmhos shunted by a susceptance of +j27.i 
mmios. The latter, in terms of a lumped constant element, 
would be a lossless capacitor. Likewise, the collector 
wouid be required to see an admittance of 1.53 mmhos 
shunted by -j7.46 mmhos. The latter, in terms of a 
lumped-constant element, would be a lossless coil. This 
loading will result in a stability factor, k, of 4 and a power 
gain of 15 dB, the maximum power gain possible for k = 4. 
This loading does not include stray capacitance. 
capacitance is assumed to be | pF, the actual load is 1.53 
mmhos -j13.5 mmhos (see Figure 1). 


ere ee 
Lf stray 


INPUT 
NETWORK 


502 ¢ (69.5 +j21.3) mmhos 


2N4957 
UNDER 
TEST 


(1.53 -j13.5) mmhos 


OUTPUT 
NETWORK 


5092 


f=1 GHz 
Voce =10V 
Ic=2mA 


FIGURE 1 —-COMMON BASE INPUT AND OUTPUT 
ADMITTANCES INCLUDING STRAY CAPACITANCE 


To facilitate instrumentation, both the source and load 
impedance will be 50 ohms. This admittance level must be 
transformed to the required device loading admittance. 
Micro strip techniques provide a convenient method of 
achieving this transformation. without circuit reprodu- 
cibility and component loss problems that are common 
with many lumped constant circuits at this frequency. 

The Smith Chart is a convenient design tool for solving 
transmission line problems of this type. Since space does 
not permit, familiarity with this chart will be assumed. 


*For the purpose of this report a stability factor of 4 is 
chosen. Values of k less than 4 may not prove to be ad- 
vantageous from the standpoint of regeneration and 
parameter spread. 
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FIGURE 2 — OUTPUT NETWORK DESIGN 


Starting with the output circuit, both the 50 ohm (20 
mmhos) load and the desired collector admittance are 
plotted on the Smith Chart (see Figure 2). As a Starting 
point, a characteristic admittance of 20 mmhos will be 
assumed. First, the 20 mmho load is plotted (point A, 
Figure 2), then point B is plotted (1.53 mmhos -j13.5 
mmhos). 

Although many different methods exist for transform- 
ing point A to point B (see Figure 2), a direct, and as 
it turns out, practical approach is that shown in Figure 3. 
This circuit uses Cj in parallel with RL to vary the SWR of 
point A (Figure 2) to point C. Since point C has the same 
SWR as point B, a line L1 with an electrical length equal 
to 0.405A2 (point E) minus 0.214 (point D) will com- 
plete the transformation. Collector tuning is available 
with component C7. This variable capacitor provides the 
difference between the assumed stray capacitance and the 
actual circuit stray capacitance. 

The required SWR could have been realized by using an 
inductor in place of Cj. However, an inductor would have 
either forced the bias feed-point to be changed to the 
collector lead or necessitated a dc- isolated coil. Although 
this is readily attainable using transmission line techniques, 
the variable component C1 is more convenient. A typical 
curve of Q versus capacitance for (Cj) is shown in Figure 
4, wid | 

The output bias is fed through a 4000 ohm resistor 
rather than an RF choke. The resultant 8 volt drop across 
this resistor is easier to contend F 
stabilities sometimes associated with RF chokes. 
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The same procedure is followed in designing the input 
network (see Figure 5). Again, a stray capacitance of 1 pF 
is assumed. Thus, the actual input loading becomes 69.5 
mmbhos +j21.3 mmhos. First, the 20 mmho load is plotted 
(see Point T, Figure 6). Next, point W is plotted (69.5 
mmhos +j21.3.mmhos). Adjusting the SWR with C3 


(point V) allows a transmission line of length L2 to trans- 
form the admittance at point V to the desired level at the 
base (point W). , 
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FIGURE 3 — OUTPUT NETWORK 
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FIGURE 4 — QO versus CAPACITANCE FOR C, @ 1 GHz 
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CIRCUIT CONSTRUCTION 


The transmission line lengths Lj and L2 are readily 
transferred to micro-strip lengths once the wavelength and 
line-width are known. Hopefully, this information is avail- 
able from the manufacturer, but if not, it must be meas- 


id <a 7 so wh hE RRA 


ee 
ured before the desien 
ured before the design 


can he completed. The laminate 
used for this application required a line-width of approx- 

iy 0.16 inches for a 20 mmo characteristic admit- 
tance.. This value proved adequate both from a realizable 
design solution on the Smith Chart and also froma practic- 
able circuit construction standpoint. ! 

The actual laminate thickness depends to a large extent 
on the desired characteristic impedance and the frequency 
oi Operation The line thickness for a 50 ohm line is ap- 
proximately 0.16 inch for a 1/16 inch laminate,and ap- 
proximately 0.035 inch for the same laminate 1/64 inch 
thick. As the intended frequency of operation is increased, 
the line width becomes a larger percentage of the line 
length.4 Higher ratios of line width to length may result 
in undesirable modes of operation. Decreasing the lami- 
nate thickness results in a smaller line width for the same 
characteristic (assuming TEM operation) and a smaller 
line width to length ratio. = 

The dielectric constant for the material used was 2.6. 
The actual wavelength in the laminate is: 


A (air) 11.8 inches 


26 f 26 


Since L, = 0.191), | 


r (actual) = 7.34 inches 


The physical length of Ly is 1.4 inches 
Correspondingly, L2 is 0.0622 or 0.455 inches. 


It should be pointed out that the actual wavelength? 
for this laminate is somewhat larger than that calculated 
from the dielectric constant. A careful measurement of 
wavelength versus characteristic impedance (line width) 
demonstrates this phenomena. The slight increase in wave- 
length (6%) from that calculated using the dielectric con- 
stant was judged insignificant. However, this error in- 
creases for larger values of characteristic impedance and 
may prove to be quite significant for other laminates or 
narrower line widths. A good precaution would be to 
measure wavelength versus line width on each laminate 
used before TEM propagation is assumed. 

Although the lines can be produced by a masking-etch 
process, adequate results can be obtained by cutting the 
desired strip from a thin copper sheet and glueing this 
strip to the teflon glass board. The latter is a convenient 
method for making rapid design changes. 

The author observes several precautions which may or 
may not be necessary for all applications: 

1. All breadboards have a ground strap which encom- 
passes the outer periphery of the board. This strip 
is soldered to both the top and bottom copper sheets 
to effectively ground the outer periphery of the am- 


FIGURE 6 — INPUT NETWORK DESIGN 


plifier on all four sides. The circuit dimensions are 


sens panera eee ee 
minimum to KeCp 


as possible. 


held toa the grousd planes as short 


2. All RF connectors are carefully connected with 
grounding surfaces soldered to the ground plete. 
For instance, mount the connectors” perpendicularly 
to the board at a point where the connection to the 
center conductor is a minimum length. Completely 
solder the outer conductor to the copper sheet on 
the opposite side of the board. Poorly mounted 
connectors may result in poor transitions and un- 
predictable impedance transformations. For ex- 
ample, tacking the outer barrel of this connector to 
the line side of the board may seriously alter the pre- 
dicted impedance level at the collector. 


The amplifier was constructed as specified and the ad- 
mittance levels were measured at the emitter and collector 


_ pins. These admittance levels were checked and adjusted 
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to the origina! design values with Cy, C2, C3, and C4 

The 2N4957 was then soldered directly into the circuit 
with minimum lead length. The resultant power gain was 
14.3 dB and the noise figure, 6.5 dB, which is within 1 dB 
of the original design requirements. Attempts to re-adjust 
the input loading and output loading for lower noise figure 
resulted in lower noise figure with decreased circuit stabil- 
ity. Although the circuit (adjusted for minimum noise fig- 
ure) didn’t oscillate, the calculated k factor from the re- 
sultant input and output admittances was approximately 
2: - 


*General Radio Cable Connector 874-G58B. 
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LOW NOISE DESIGN The output network was readily adjusted to the de- 


Improvement in noise figure is possible by arbitrarily sired collector loading. However, the input line was too 
adjusting the input and output loading. For the purpose short and required re-design (see Figure 7). The calculated 
of this paper, the stability factor (k = 4) will be retained. value of this line length is 1.15 inches as contrasted with 

However, the design curves represent the maximum .46 inches used in the first example. The complete ampli- 
power gain case. Although the circuit stability factor can fier is shown in Figure 9. aad , 
be maintained at k = 4, varying the source loading will re- The resultant power gain and noise figure was 11.8 dB 
sult in less power gain than indicated in the design curves. and 5.5 dB. These figures compare well with the calculated 

The procedure for this case is as follows: eosiert | 

_ First, the optimum source resistance is calculated (see 40 
Appendix ) and found to be 43Q* The calculated noise 
figure for this source is 5 dB. In addition, the source re- 
actance was empirically determined to be inductive (j 11992). 

Second, the collector loading was calculated for a stabil- 
ity factor of 4. Using these values of source resistance and 
stability factor, the calculated gain (GT) and collector 
loading is 11.8 dB and 3.41: mmhos —7.5 mmhos (neglect- 
ing stray capacitance). | 7 
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FIGURE 7 — LOW NOISE INPUT DESIGN | FIGURE 9 — 1 GHz AMPLIFIER 
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*The actual value of optimum source resistance was empirically determined to be 35. Consequently this value was used for the input circuit 
design rather than 432. : 


MOTOROLA RF DEVICE DATA 
| G-47 


AN-419 


~B8,, IMAGINARY PART OF LOAD lage ae (mmhos) 


“C” FACTOR 


Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


COMMON BASE 


se 
12 
|| fvce-rovee | ETT 7 
; CW eye 
‘ Ocoee r | 
s (| 
Ll k= 12th 10, pe 

| | I 
= tT T 
ra 
200 500 


f, FREQUENCY (MHz) 


FIGURE 13 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 


COMMON BASE 


" eT 
ee 


~— 
| 


agen 


Io = 2.0 gee 


700 


200 300: 500 1000 


f, FREQUENCY (MHz) 


FIGURE 15 — SOURCE ADMITTANCE 
- versus FREQUENCY (IMAGINARY) 


COMMON EMITTER 
era | 


LLIN 
\ 


LU NY eet 
MONTH 
NET 

USS 


50 100 


200 300 an) 700 1000 1500 
t, FREQUENCY (MHz ) 


acl EEE 
nee 2.0 mA im 


_ FIGURE 17 — LINVILL STABILITY FACTOR 


~BL, IMAGINARY PART OF LOAD ADMITTANCE (mmbos} 


versus FREQUENCY | 


COMMON EMITTER 


Tr Poo 
TO Lo 
hart 


La 


f, FREQUENCY (MHz) 


FIGURE 19 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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APPENDIX 
LOW NOISE DESIGN 


The procedure followed in designing this amplifier is to 
first calculate the optimum source resistance for optimum 
noise figure and then calculate the collector loading for a 
required value of k. . a ee 

A first approximation of optimum source resistance for 
optimum noise figure is: : 


1 
RgF(opt) = [k2? + 3 


re 
kp=rb +— 
2 
k?=rb tre 
re f \2 
1 + (Bo +1) fan 
k _ Na) 
3 2Bole 


| Assuming the above parameters for the 2N4957 are: 


rb = 12.5 ohms 
re = 13 ohms | 
Bo = 40 


fab = 1600 MHz, 
-. REF(opt) = 43 ohms 


The noise figure using this source resistance is available 
from Nielsen’s equation:2 


2 f \2 
pS op Be me 1+(Bo + (=) 


2Rg_ Rg 2 Bo Rg re 
Using the previous parameter values, 


NF =5 dB 


Since the impedance level is different at the base, the 
collector loading must be re-designed. - 
Using Stern’s stability equator for k = 4 (see Table 1): 
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FIGURE 22 — TRANSDUCER GAIN 
' versus FREQUENCY 


p= 2 11 *Gs) (g22 + GL) 
~ fytay2if+Re (yi2y2i) 
and calculating GL for Gg = 25 mmbhos (40 ohms) 


Gy =.3.41 mmhos 


The transducer gain can be calculated from these imped- 


ance levels: 
ope 1 Re Ns} Re (Yr) Iva? 
| (vi + Ys) (y22+ YL) -y12y21 |? 
GT = 11.8 dB 


| TABLE 1 - 
f=1GHz VcRBp=10V Ic=2mA 


Vib = 25 -j25 
Yob= 0.55 +j7.54 


Yfb = -4.99 +41 
~ Yrb = -0.01 -j1.19 
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SEMICONDUCTOR NOISE 


FIGURE CONSID 


INTRODUCTION 


The design of low noise amplifiers requires a basic 
working knowledge of sate such as circuit stability, 
cross modulation, noise figure, etc 


The purpose of this report is to provide, in a single 
working reference, basic semiconductor noise figure con- 
siderations. Emphasis is on basic fundamentals rather 
than complex mathematical derivations. Because much of 
the theory, particularly with noise, is statistical and quite 
complicated, derivations will in fact be avoided with de- 
tails available in suggested references. 


NOISE SOURCES © 


The three types of noise sources generally associated 
with solid state devices are thermal noise, shot noise and 
excess noise. 

THERMAL NOISE — Thermai noise! »27+!® resuits 
from the random motion of free carriers in a medium 
caused by thermal agitation. Although the sum of all the 
noise currents over a long period of time is zero, at any 
given instant a net current in one direction may result. in 
an ideal resistor, the net current produces a voltage which 
has a constant spectral density independent of frequency. 
The self-generated noise voltage across a resistor is: 


en =VW4kTRB, 


where 
€, = Johnson noise (rms volts) 
k = Boltzmann’s constant (1.38 x 10°2> joule/°k) 
T = Temperature (degrees Kelvin) | 
R = Effective Resistance (Ohms) 
B= Equivalent bandwidth (Hz) of ite system 


through which the noise is measured. 


The thermal noise associated ithe a solid state device 
results from resistance within the device. Thermal noise in 
a transistor comes principally from the base spreading resist- 
ance (ry ). 


SHOT NOISE — Shot noise2:67.16 , and thermal noise 
for that matter, depends on the nature of charge carriers 
for generation. The basic difference, is that thermal noise 
is produced by the erratic movement of free charge while 
shot noise is produced by the change (i.e., appearance and 


disappearance) of the charge carriers with respect to the 
circuit current. 


The basic equation for full shot noise in a diode is: 


ao V2q Tg B 


ae 
I 


= shot noise (rms amps) 


I 


-19 


= electron charge (1.59 x 10 “ coulombs) 


ca) 
! 


lac = diode direct current (amps) . 
B = equivalent bandwidth (Hz) 


Another important characteristic of both thermal and 
shot noise is the flat frequency spectrum. This frequency 


independent characteristic is an important consideration in 


the construction of equivalent device noise models. 


Sources of shot noise in a transistor are currents within 
the emitter-base and collector-base diodes.» 


EXCESS NOISE — Excess noise*?!4+!© usually occurs 
at low frequencies and is also known as 1/f noise. The exact 
mechanism producing this phenomenon is not well known. 
It is thought to be associated with “traps” within the 
emitter depletion layer which capture and release carriers 
at different frequency rates but with energy levels varying 
inversely with frequency. This noise is not only present in 
junction transistors and field-effect transistors, but also in 
certain types of resistors."’“ In general, the excess noise 
in junction transistors and field-effect transistors is neg- 
ligible above 1 kHz.4 


NOISE FIGURE 


The sensitivity of an amplifier is limited by the signal- 
to-noise ratio available at the antenna or input. The pre- 
sence of any of the previously described noise sources with- 
in the system only serves to further deteriorate this ratio. 
The amount of deterioration of the available input signal- 
to-noise ratio is called the noise figure and may be defined 
as: 


Psi 
Poni P 

Pe = 19 1. 1] 
Pso = Pai G o 
Pho 
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F = noise figure in power ratio 


Pea 


si = signal input power 
Pj = noise input power 
Pog. = Signal output power 
Page noise output power 
G = power gain of system 


Noise figure is generally expressed in decibels, i.e.: 


_ Pho 
F (dB) = 10 logig Gre (2) 


From a practical standpoint, a distinction needs to be 
made between two types of noise figure, “Spot noise figure” 
*" and “average noise figure.”~ Spot noise figure is the 
noise figure measured in a narrow frequency band, useful 
for specifying the noise figure at individual frequencies. 
Average noise figure is measured over a particular frequency 
spectrum such as the bandwidth of an IF amplifier and is 
useful when specifications appronunenne total system per- 
formance are required. 


GENERAL CHARACTERISTICS —:A discussion of 


noise figure variations versus frequency for all types of | 


semiconductor devices is a complex study and actually 
beyond the scope of this paper. On the other hand, a pre- 
liminary study of transistor noise figure versus frequency 
can cover several general points which are common with 
other device types. A study of this type usually utilizes 
an equivalent circuit involving device parameters and noise 
sources from which noise figure is derived. The complexity 
of the resultant noise figure expression will vary with the 
complexity of the equivalent circuit used. A. relatively 
simple yet adequate noise figure expression for this pur- 
_ pose is Nielsen’s equation.°,6,7,8 A modified version of 
this expression is: 


Ta r b 
F=-lt+— + a 
2 Ry Ry | 
" aes = aa 6 \2 
$+ |] ot (60+1) (= (3) 
28 ° Ry Te a fab/ 
where: 
26 
in. = FT (ohms) 
E (mA) | 
rh = base spreading resistance (ohms) 
Ry = source resistance (ohms) 


NF, NOISE FIGURE (dB) 
a 
oO 


Ros) 
oO |. 
i 


low frequency common emitter current gain 


frequency (Hz) 


i) 


a . = common base sutott iE peavency (Hz) 


NF, NOISE FIGURE (dB) 


0.1 ae aes 3) ee 04 . 06 08 1.0 


FREQUENCY (GHz) 
FIGURE 1 — TYPICAL SPOT NOISE FIGURE versus 


FREQUENCY (CALCULATED AND MEASURED) 


FOR 2N4957 SILICON PNP TRANSISTOR 


The graph in Figure 1 gives both the measured and cal- 
culated curves of noise figure versus frequency for the 
2N4957 transistor. Generally, the measured curve is flat in 
the mid-frequency range, increasing at approximately 6 dB 
per octave at higher frequencies. The descrepancy between 
measured and calculated values of noise figure in the mid- 
frequency range results from either not considering all 
noise sources or not properly analyzing the assumed noise 
sources. Regardless, the noise model used is reasonably 
accurate and adequate for the purpose of this paper. 
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FIGURE 2 — NOISE FIGURE ASYMPTOTES 


Transistor noise figure at low frequencies (1 kHz or 
less) is not predicted by Nielsen’s equation: The major noise 
contributor in this region is excess noise. The slope of the 
curve in this lower frequency is approximately -3 dB per 
octave. Figure 2 shows a typical noise figure versus fre- 
quency curve for the 2N4957 which includes the region | 
affected by excess noise. 
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Although equivalent noise circuits vary depending on 
device type (such as junction and MOS FETs) the same 
general characteristic noise figure versus frequency curve 
exists for each (see figures 3, 4, 5, 6 and 7). 


Pilocs Suse tn Ate Pies phapactayiet! = = id + 
Weuiei ipOriGiis HUIS 1iZure cMmaracteristics are evideni 


from equation 3. For example, for a given transistor of 
Known device parameters and operating frequency, this 
equation describes the relationship of noise figure versus 
source resistance. ~*~ Closer examination indicates that by 
proper selection of source resistance, noise figure can be 
minimized. A similar Preiser: may also be noted 
between no bias conditions—particularly emit- 


oe fiamiraa 


yeiween noise br HERRERA Gd 


ter current. 


An additional design variable of importance that is not 
shown by equation 3 is the source susceptance. ! For 
many high frequency devices, lower noise figures are 
attained by mis-tuning the input circuit rather than tuning 
for maximum gain—that is, the base (common-emitter con- 


VCE 


A — FREQUENCY EFFECTS 


ne 


10; Nt 
\ 


= 10 Vdc, 


figuration) sees a resistance shunted by a susceptance 
(usually capacitive). The value of this susceptance is found 
by empirical methods. Again, the considerations are true 
with junction and MOS field-effect transistors. That is, the 
noise figure, in general, is optimum for a particular bias 
point and source admittance. 


CHARACTERIZING THE DEVICE 


Noise figure curves from device data sheets take several 
forms. One of the simplest presentations is noise figure 
versus frequency at a fixed bias point (see Figure 5). This 
bias point is usually a compromise between minimum noise 
figure and maximum power gain. Curves of this type, as a 
rule, do not provide the optimum source resistance neces- 
sary for minimum noise figure. | 


A convenient method of showing source resistance 
variations for a fixed frequency is shown in Figure 8. This 
figure shows at.a glance the optimum source resistance for 
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various values of collector current. Similar curves (see 
Figure 10) at other frequencies allow a more complete 
picture of noise figure to be made. 


Another method of demonstrating source resistance 
effects is shown in Figure 4B. Here the noise figure is 
plotted versus source resistance for several values of bias 


current. This presentation is common for low frequency | 


devices. Another presentation which usually incorporates 
the previous curve is shown in Figure 4A. This figure shows 
noise figure versus frequency for several values of collector 
current. Each value of collector current includes the 
_ optimum source resistance for this value of current. The 
optimum source resistance is usually taken from a figure 
similar to Figure 4B. | 


An example of a field-effect transistor presentation 
similar to Figure 4 is shown in Figure 6 for a junction 
field-effect and Figure 7 for a tetrode connected junction 
field-effect transistor. 
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FIGURE 7? — NOISE FIGURE versus SOURCE RESISTANCE FOR THE 3N124, TETRGODE J-FET 
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OO Se eee (For measurement purposes the signal levels are expressed 
bg Saas ae ae ad = Ses SS OS in terms of voltage rather than power.) If the source resist- 
z= B00 RS ESR ERE ance R, is known, E,,; can be calculated from equation (1) 
uw 300[—~a] ht t1.8 dB}—7 'B ae ocel ae and E.; adjusted so the input signal to noise ratio is a con- 
Zz 200—~ > ie 0 (aa Oa +++} —>t wees venient value such as 20 dR. 
5 wool SET SEPT TT) Por such cs: 
u 705 S00 Ss ee Gate noe GO ms “oom 3.0 dB a as E 
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aa LE SR NC A TN SA OT a 

O- jSemetiim sea FiqaB) = 20 dB — 20 logig | -— (5) 
a 30| ee 57 SRSa Teas eee no 
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en u "108 ici cee ae El i 2 A eee ae Since the measured output signal also includes Eno the 
acer ee ae 2] actual signal measured is: 
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FIGURE 8 — CONTOURS OF NOISE FIGURE versus SOURCE Eso ‘ Eno 


RESISTANCE AND COLLECTOR CURRENT FOR 
2N4957 AT 105 MHz 


LOW FREQUENCY NOISE FIGURE MEASUREMENTS Substituting the measured output signal into equation (5), 
7 | the original relation becomes: 
SIGNAL GENERATOR METHOD — One of the sim- 
plest methods for measuring noise figure at low frequencies 5 5 
is to fix the input signal-to-noise ratio, and note the result- Es € Eno (6) 
ant output signal-to-noise ratio. The resultant degradation F (4B) = 20 dB — 20 logig al as 
in the output signal-to-noise ratio (noise figure) may be i | ne 


expressed in the following form: 
The difference between equation (5) and equation (6) 


| / E, \ f Fo) represents the degree of error i 
no 
Fi (dB) ~ F2(aB) = 20 logy 
where: 
E,; = signal input voltage | aa Eis 
Sas Haass = 16: = 7 
Ej = noise input voltage 10 Ena 7) 
Ea = signal output voters ne 
+ A vector sum is necessary as different frequencies are 
Eno = noise output voltage | | added. 
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FIGURE 9 — TEST SET-UP FOR LOW FREQUENCY NOISE FIGURE MEASUREMENT—SIGNAL GENERATOR METHOD 
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As an example, this difference or error is less than 0.5 dB 
for a device having a noise figure up to 10 dB if the input 
signal to noise ratio is 20 dB. 


The general procedure (see Figure 9) for utilizing this 
method is as follows: First, adjust the input voltage signal 
to noise ratio to 20 dB. Second, adjust the variable attenu- 
ator such that the voltmeter indication of Eq is full scale. 
Next, reduce the input signal to zero and note the drop in 
output voltage (dB). Since the output voltage without a 
signal is E,,, the actual drop in output in dB represents 
the ratio of E,, and E,g. This ratio, when subtracted 
from 20 dB, is the noise figure (without error correction). 


CONSTANT-GAIN METHOD 


The basis for this method involves maintaining a 
constant known voltage gain and measuring Eng (see equa- 
tion 8). Knowing these terms, in addition to the bandwidth 
(which is determined by a band-pass filter as in the first 
method) and the source resistance, the noise figure can be 
calculated. A commercial instrument employing this operat- 


ing principle is the Quan-Tech Noise Analyzer, Model 2173-. 


2181. 
. P 4 _ . 
~F=— —, G = power gai 

G p wer gain 


or, in terms of voltage: 
2 
Eno | 
F = ——— (8) 


Dyer 
Eni (Gy)? 
where Gy, = voltage gain. 


HIGH FREQUENCY NOISE FIGURE 
MEASUREMENTS 


OUTPUT DOUBLING METHOD — Probably the sim- 
plest technique to measure noise figure at high frequencies 
is the noise doubling method. This involves increasing the 
noise generator output until the noise power in the output 
is doubled. The noise power produced by the noise gen- 
erator under these conditions is the same as that produced 
by the circuit. That is: 


Pho = GPng, 
where: 


Pno = noise power out from source and device 


=?) 
ul 


power gain 


Png =. noise generator power output 


If this term is substituted into equation (2), we have the 
following expression: 
—?p 
n 
F=— (9) 


ni 
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The actual values of both Png and Ppj are functions of not 
only source resistance but also the input impedance of the 
“device-under-test” circuit. A convenient method of defin- 
ing Ppg and Ppj is on an available power basis, or, 


2 
eni . 
-P. = 5 : ' : : 
ni 4R, . 7 | | (10). 
and 
. 2 . 
ne | R ee . 
poe 8 | (11) 
ng 4 . . 


For the case where the noise generator used is a tempe- 
rature-limited tungsten-filament diode with a mean-square 
current of _ 


ing = 2q Iq, B (see shot noise) (12) 
2kTo Oo (13) 


Assuming the temperature of the source (Tg) is 290°K 
and that Rg is 50 ohms, this expression reduces to: 


F = Iq, (in mA). | | - (14) 


The actual technique used to double the noise output 
power involves more than connecting an RF voltmeter to 
the output of the test circuit and noting when the twice 
power output point is reached. First, the noise power 
levels are very low and a post amplifier is required to in- 
crease these levels to the capability of the RF voltmeter. 
In addition, this power amplifier (if spot noise is desired) 
must have a bandwidth less than the test amplifier and 
must not overload for the signal levels encountered. 
Finally, the actual RF voltmeter used must be linear and 
must respond to the RMS voltage. 


The contribution of noise by the post amplifier is 


- taken into account by the following equation: 


Fo—1 | F3-1 Fiy-1) (15) 


F= F, + eee 
1 ; 5) 
G G, G, G, Gy.-- Gay 4) 
where, 
F = overall noise figure (power ratio) 
F, = noise figure of the first stage (power ratio) 
F. = noise figure of the second stage (power ratio) 


F, = noise figure of the third stage (power ratio) 
G, = power gain of the first stage (ratio) 


G» = power gain of the second stage (ratio). 


AN-421 


Additional considerations, such as “image response”’, 
are beyond the scope of this paper. For more information 
on these considerations, see references 18, 19, and 25. 


Ro. SOURCE RESISTANCE (OFIMS} 
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FIGURE 10 — CONTOURS OF NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
AT 200 MHz 


COMMERCIAL EQUIPMENT TECHNIQUE — More 
sophisticated noise measurement techniques generally use 
a noise generator with two modes of operation. One mode 
utilizes the output power from a source such as a temper- 
ature limited diode or a gas-discharge tube. The second 
mode usually utilizes the noise output power of the gener- 
ator source resistance at room temperature. 


A noise generator of this type is connected to the 
input of a system under test and the two resultant output 
levels from the “system” are used to determine the noise 
figure (See Figure 12). The general equation! 7 relating 
noise figure and the two output levels is: 


NOISE 
TERMINATION 


GENERATOR 


SYSTEM 
UNDER TEST 


16 
T, ~ To Pro2 ( >) 


F = 10 logig ' 
no 


where the expression [(T2 - Tg)/To]is a measure of the re- 
lative excess noise power from the noise generator and 
Pnol and Pyo? are the two resultant power output levels. 
These levels correspond respectively to the “fired” and 


“unfired” modes of operation of the noise source. 


The relative excess noise power is usually specified by 
the manufacturer. A typical value for an Argon gas tube is 
15.2 dB. However, for accurate measurements, each source 
must be individually checked at each frequency of in- 


tended use. 


Equation (16) is the basis for several of the most pop- 
ular manual and automatic commercial noise characteriza- 
tion systems. 17,18,19 


A typical manual noise figure system using an IF atten- 
uator is shown in Figure 11. The objective in using the 
attenuator is to determine the ratio of Pyoj and Pyo?. 
This ratio is called the ““Y” factor. Initially, a convenient 
detector level is noted with the noise diode in the unfired 
mode. Next, the noise diode is fired and the attenuator 
readjusted to reduce the new detector level to the original 
level. The amount of attenuation added is the ratio of 
Pno2 to Ppol. The resultant noise figure is calculated by 
substituting the excess noise power and the attenuator 
change in equation (16). 


Automatic noise measuring equipment in general, gate 
the noise diode “on” and “off” at a fixed rate and con- 
tinuously record the output power ratio. Methods of re- 
ducing this ratio to a continuous noise figure reading will 
vary with manufacturer. 


POST 
IF AMPLIFIER, 


ATTENUATOR DETECTOR 
AND METER 


FIGURE 11 —- MANUAL NOISE FIGURE SYSTEM USING AN IF ATTENUATOR 
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FIGURE 12 — TYPICAL TEST SET-UP FOR 200 MHz NOISE FIGURE MEASUREMENT 


TYPICAL VHF NOISE FIGURE MEASUREMENTS 
USING AUTOMATIC EQUIPMENT 


_ A typical 200 MHz noise figure test set-up using auto- 
matic noise measuring equipment is shown in Figure 12. 


The noise diode is connected to the test circuit through 
a special coaxial cable which transforms the 50 ohm noise 
diode impedance to a higher impedance level, (such as 
100 ohms) with negligible circuit loss. Input circuit losses 
are important since each dB of input circuit loss adds 
directly to the noise figure. The special coaxial cable length 
is trimmed to exactly one-quarter of a 200 MHz wave- 
length, such that when one end of the cable is terminated 
in 50 ohms, the resultant impedance level at the other end 
is the desired resistive value with minimum shunting capac- 


itance (0.2 pF max). The cable characteristic impedance © 


necessary to give the desired source resistance is calculated 
from: | 


o = RsRy, 
where 
_R, = characteristic impedance of cable (ohms) 
Ry = resistance of noise diode (SO ohms) 
Ro = desired source resistance (ohms) 


Several values of source resistance values are readily 
attained by using coaxial cable with standard values of 


_ characteristic impedance. Additional resistance values can 


be attained by varying the center-conductor wire size of 
the cable. 


Directly following the test amplifier is the post ampli- 
fier. This amplifier provides the additional gain necessary 
to operate the automatic noise figure equipment. Although 
the required gain is also a function of the test circuit gain, 
a typical power gain is 50 dB. 


Since system bandwidth is determined by the auto- 
matic noise equipment, no special bandwidth restrictions 
are required. 


Any contribution of the post amplifier to the total 
measured noise figure may be calculated with Equation 15. 
A post amplifier with a noise figure low enough to avoid 
any significant contribution to the total noise figure is 


highly desirable. 


The input impedance of the post amplifier should be 
50 ohms since this impedance level will provide the load 
for the test circuit. If the device under test is mismatched 
at the output, the resultant source resistance seen by the - 
post amplifier can increase to several hundred ohms and 
may result in instability problems with the post amplifier. 
Consequently, the first stage of the post amplifier should 


be stable regardless of the source resistance. 
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MPS6568 
Rs = 502 470 pF 
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All Trimmers = 
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3 TURNS NO. 18 TINNED WIRE, 1/4 INCH 1.D. 
AIR WOUND — LENGTH IS 3/16 INCH, 


5 1/2 TURNS NO. 16 TINNED WIRE, 3/8 INCH I.D. 
AIR WOUND — LENGTH 1S 1/2 INCH. Voc FEEDS TAP 


2 1/2 TURNS FROM COLLECTOR END —OUTPUT 
TAP, 1/2 TURN FROM COLLECTOR END. 


FIGURE 13 — A TYPICAL 200 MHz NOISE TEST CIRCUIT 


A typical 200 MHz noise figure test circuit is shown in 
Figure 13. Here a common emitter neutralized configura- 
tion is used with two bias supplies. The desired source 
impedance seen by the device under test is provided by 
the special coaxial cable previously discussed, and the 
input tank circuit provides the necessary tuning. The coil 
(Lj) must: be carefully constructed to minimize input 
circuit loss; not only should the unloaded Q be high, but 
the actual inductance value should be as large as possible 
and still maintain tuning. 


In general, all lead lengths should be minimum and | 


circuit layout should be such that the neutralizing cap- 
acitor (CN) is provided the shortest path between the base 
and L, through.a small hole in the shield: Piston-type 
capacitors are recommended for CN. 


The immediate area should be carefully examined for 
unknown noise generators. A screen room is certainly a 
“must.” As a general statement, each piece of equipment 
in the screen room must be examined as a potential noise 
source. For instance, it is not uncommon to find that the 
signal generator used to measure power gain, generates a 
considerable amount of noise power even with the genera- 
tor output power level reduced. 


DESIGN CONSIDERATIONS FOR HIGH FREQUENCY 
LOW NOISE AMPLIFIERS 


The actual design « of ‘a low noise amplifier whether 
intended for audio or RF applications usually involves 
considerations other than low noise figure. Particularly in 
high frequency applications, considerations such as cross- 
modulation, intermodulation distortion and dynamic range 


FIGURE 14 — MODEL TO DEMONSTRATE THE EFFECT OF AN 
EXTERNAL SHUNT RESISTANCE AT INPUT OF 
NOISE FIGURE TEST CIRCUIT 


are of paramount importance and may often overshadow 
and delegate to a secondary role the overall noise figure. 
(The interested reader may obtain more information in. 
references 10, 23, and 24). 


As previously mentioned, the device must operate 
under specified bias conditions and generator source ad- 
mittance to realize the optimum device noise figure. In 
addition to providing the device with this environment. 
another major noise contributor, input circuit loss, must 
also be considered. This circuit loss usually takes the form 
of an equivalent input shunting resistance resulting from 
coil loss, bias resistance, capacitor loss, or other compo- 
nent losses such as stand-offs and sockets. 


An excellent method of demonstrating the effect of 
an external resistance shunting the input circuit is to con- 
sider the circuit in Figure 14. The amplifier is considered 
noise free. The calculated noise figure !5 up to point A-B 
is: . 

Rs 
F=l+— 
Rp 


For the case where the shunting resistor Rp equals the 
source resistance, the noise figure will be degraded 3 dB 
before the device is even considered. The minimum noise 
figure occurs when RD>>Rs which means that Rp must be 
large or Rg small. The former condition may be difficult 
to achieve since the input of the amplifier is generally a 
tuned circuit and the maximum value of Rp (considering 
the tuned circuit only) will be limited by practicable coil 
losses. Correspondingly, Rg may not be arbitrarily reduced 
since the device requires a certain source resistance for 
minimum noise figure. | 
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CAPACITANCE VALUES IN pF 


L1,L2 —SILVER-PLATED BRASS ROD, 1-1/2” LONG AND 1/4” DIAMETER. INSTALL AT LEAST 1/2" FROM 


NEAREST VERTICAL CHASSIS SURFACE. 


L3 — 1/2 TURN NO. 16 AWG WIRE’ LOCATED 1/4” FROM AND PARALLEL TO L2 
* — EXTERNAL INTERLEAD SHIELD TO ISOLATE COLLECTOR LEAD FROM EMITTER AND BASE LEADS. 


FIGURE 15 — A UHF LOW NOISE TEST CIRCUIT, 450 MHz _ 


The effect of reducing the bandwidth can be seen by 
examining the following | where tuning is shown in the 
input circuit: 


Rp = coil loss(Rp = QyX,) 


Xr = reactance of coil 


Ry’ = optimum source resistance 


The circuit bandwidth of this figure is described as: 


Xyf, 
Band 
andwidth = R’ 
where: 
fo = center frequency 
G 
R’ = RpRs = Re 
——_—— . 
Rpt Rg S 


Thus, it can be seen that reducing the bandwidth for 


a fixed value of Rg will require Xp to also decrease. 


Unfortunately, reducing Xz will also reduce Rp. Thus, 
decreasing the bandwidth of the input circuit will result 
in generally a higher noise figure, since the circuit loss 
increases. 


An example of a UHF low noise test circuit is shown 
in Figure 15 in which noise figures as low as 2.1 dB are 
measured. 27,28. 


The common emitter and common base configuration 
have approximately the same noise figure.> The final 
choice of which configuration to use is usually made by 
carefully considering other factors such as power gain, 
stability, and whether or not neutralization is acceptable. 


DESIGN CONSIDERATIONS FOR LOW FREQUENCY, 
LOW NOISE AMPLIFIERS 


Excess noise (the predominant noise contributor at low 
frequencies) does not fit into a convenient noise model 
such as proposed by Nielsen. However, empirical investi- 
gation shows a similar dependence of noise figure on bias 
conditions and source impedance (see Figures 3 and 4). 
This dependence is of considerable importance in low fre- 
quency design and may dictate the type of device used 
(bipolar or field effect transistor). The major difficulty 
concerns transforming the system source impedance to the 
desired value (seen by the device) necessary for optimum 
noise figure. At high frequencies, transformation is readily 
accomplished with a simple tuned circuit. At low frequen- 
cies, however, transformation is limited to a transformer. 
Transformers are usually avoided if possible because of 
bandwidth, weight, noise pickup, loss and cost considera- 
tions. Consequently, rather than transforming the required 
source impedance (magnetic pick-up, etc.) to the desired 
resistance seen by the device, the device is usually selected 
and biased such that the required resistance seen by the 
device approximates the actual source resistance. 
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MICROSTRIP DESIGN TECHNIQUES FOR 


AN-548A 


UHF AMPLIFIERS 


Prepared by: 
Glenn Young 


INTRODUCTION — 


This note uses a 25 watt UHF amplifier design as a 
vehicle to discuss microstrip design techniques. The design 
concentrates on impedance matching and microstrip con- 
struction considerations. A basic knowledge of Smith chart 
techniques is helpful in understanding this note. | 

The amplifier itself, as shown in Figure 1, provides 25 
watts of output power in the 450 - 512 MHz UHF band. 
It is designed for 12.5 volt operation which makes it use- 
ful for mobile transmitting equipment. A variety of police, 
taxi, trucking and. utility maintenance communication 
systems operate in this band. _ | 

Asummary of the performance of the completed ampli- 
fier operating with a 12.5 volt supply at 512 MHz indi- 
cates a power gain of 16 dB and a bandwidth (-1 dB) of 
8 MHz. Overall efficiency is 48.5% and all harmonics are 
a minimum of 20 dB below the fundamental output. 


Microstrip 
. . Line 
Microstrip . 


Line YW 


L4 


50 2 610 


2N5945 


@ 
cat, 


Ail Microstrip lines 5.72 mm wide 2.5m long 
 C1,2,3, 470 pf feedthru 

C4,5,6 1.0 pf Tantalum 

C7,8,9 G.1 uf Ceramic 


_~€10,11,13,15,16,17 1.5-20 pf Compression Trimmer ARCO 420 
C12,14 


10 pf Microwave capacitor ATC type 
- 4700-8-10-M-MS or eaauiy., 


Sections on construction and device handling consider- 
ations are also presented. 


MICROSTRIP DESIGN CONSIDERATIONS 


Microstrip design was used for this amplifier due to its 
inherent superiority over other methods at this frequency. 
These techniques not only offer good compatibility with 
the Motorola “‘stripline’’ package but they also offer very 
good reproducibility. Microstrip construction is more 
efficient than lumped constant equivalents since micro- 
strip lines are less lossy than lumped constant components. 

Microstrip board with Teflon bonded fiberglass dielec- 
tric rather than the higher dielectric constant ceramics was 
chosen due to the ease of working with that type of materi- 
al. A substrate thickness of 1/16-inch is convenient since 
a-line of the same width as the transistor leads (0.225 
inch) produces a reasonable characteristic impedance (Z,) of 
40.65 ohms. The value of the characteristic impedance is 


+12.5 Vde 


) Microstrip. 
Line . 
WWW, 


— 2N6136 


Microstrip 
Line 


2N5946 


Ferrite Beads 


L1, L2,.L3 — 5 turns #20 Closewound 3/16” 1.D. 
L4,L5, L6 — 0.15 wh molded choke 

L7, L8 — Ferroxcube VK 200 20/4B or equiv. 
Ferrite beads are Ferroxcube 

56 590 65/3B or equiv. 


FIGURE 1 — Schematic Diagram of 25 W UHF Amplifier 
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calculated from: 4 
377h 


Zo= OOo ee 
© fer x W [1+ 1.735 ep 074 (MI a © 
where €; = dielectric constant 
W = width of microstrip line 
h = thickness of the dielectric 
The hi term is equal to the total thickness of the micro- 
strip board minus the thickness of the copper on both 
sides. In this design that term is equal to 
h = 62 -(2x 1.4) = 59.2 mils (2) 
1 oz. copper = 1.4 mils thick 
The effective width should be used when the con- 
ductor is of finite thickness. | 


. t 2h 
Weff = W +— (In — + 1) (3) 
a ot 
where t = thickness of the conductor 
ne ra he 2x 59.2 | 
Weff = 225 + (1.4/7) In—>——+* | ] = 227.4 mils 
. . ; 4 
therefore: (4) 
z= | 377 x .0592 _— 
O25 x 2274 f + 1.735x 2.5 °774 x 
= sats eete ss cece cence ec ecseveeceeaeen 
. -( $5.5] | = 40.65 Q (5) 


THE AMPLIFIER DESIGN 


The first decision in the design was determining the type 
_ of matching networks to be used. The network shown in 
Figure 3 was chosen because of its ability to “map” a 
large area of complex impedances; this allows a good tuning 
margin to compensate for normal variations in transistor 
impedances and other peripheral effects. A side benefit of 
this network is that the series tuning element provides the 
dc blocking function, eliminating the need for coupling 
capacitors. . 


The synthesis of the matching networks utilizes the large 
signal impedances of the transistors as specified on the data 
sheets. These parameters should not be confused with 
small signal 2-port parameters. A complete discussion of 


large signal characterization is given in Motorola Appli- 


cation note AN-282A. The impedance parameters used in 
this note are taken from the respective data sheets and 


- 2N5945 
Zin 1.3+j51.5 ohms 


Zout 4:6 -j5.4 ohms 
2N5946 


Zin 1.3 + j1.2 ohms 
Zour 4:2 -j0.5 ohms 
2N6136 

Zin 1.3 +) 4.11 0hms 
Zout 3.2 + j 1.96 ohms 


FIGURE 2 — Transistor Complex Input and 
Output Impedance at 470 MHz (Series Form) 
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were obtained in the manner described in AN282A. 


Smith chart techniques are used to synthesize the match- 
ing networks in the amplifier to be described. The complex 
series equivalent input and output impedances as taken 
from the data sheets are shown in Figure 2. There are an 
infinite number of solutions to the required matching net- 


works, however, once an initial choice of one of the com- 


ponents is made, only one solution exists. it is obvious 
that all components need to be kept within reasonable 
limits, however it would seem that the most critical para- 
meter is the length of the microstrip line. Using this 


assumption, the length of the line is chosen as a starting 
point. 
to illustrate the technique. 


Tho 


input natwarlk 
RELI OLE 


put networn, shown in Figure 3 will be solved 


L4= Microstrip Line 5.72 mm wide 2.5 cm tong 
Co = 4.08 pF 
Cy = 16.84 pf 


FIGURE 3 — Equivalent Circuit of Input Network 


Before proceeding to determine the component values, 
the effective wavelength of the desired frequency in the 
microstrip line must be known. This is accomplished by 
first finding Ag, the wavelength in free space: 


-£ 3x 108 
freq 47x 108 


where ¢ = propagation constant, free space 
The TEM mode wavelength is determined: 


ho = 0.638 meters (6) 


Mem = dol (e,)1/? = 63.8cm/ (2.5)!/2 = 40.37cm (7) 


Now as the propagation in microstrip line is not pure 
TEM mode, a correction factor must be applied to the last 


calculation.4 


€r 1/2 


‘ 1225 
1 + 0.63 (e; »(¥) 


1/2 (8) 
= 1.086 


1225 


1 + 0.63 (2.5-1) (227.4/59.2) 


Then: . 

d’ = (Atem) (K) = (40.37) (1.086) = 43.85 cm (9) 
This is the effective wavelength and will be used in all 
further calculations. Equation 8 is valid for width to 
height ratios of 0.6:1 or greater. For ratios less than 
0.6:1 alter the (w/h) factor in the denominator to. 
(w/h)°??7 . ; 

The source and load impedances must now be normal- 
ized to the 40.65{2 characteristic impedance of the line and . 
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9.4 OO! 
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OS S ae 
tiptoe 
PLR Reset 


FIGURE 4 — Smith Chart Solution 


plotted on the Smith chart. It should be noted that the 
terms “source” and “‘load” are used here only in reference 
to the Smith chart solution. 

A source impedance of 50 + jO is normalized to 1.23 
+.j0 and a load impedance of 1.3 + j1.5 is normalized to 


0.032 + j0.0369 . The load impedance is plotted at point A 


in Figure 4 and the source impedance at point F. An arbi- 
trary choice of 2.5 cm for the line length was made. This 
is an electrical length of: - Te 
"electrical length = line length/A’ — 

- = 2.5 cm/43:85 cm = 0.057 00) 
Point A is rotated on a constant VSWR circle 0.057 
toward the generator to point B. Reactance must now be 
added in parallel with the impedance presented at the end 
of the line just plotted. As parallel additions are more 
easily handled in admittance form, point B is converted to 
an admittance by rotating it one-quarter wavelength on the 
same constant VSWR circle. This results in point C in 
Figure 4. The constant conductance circle that point C lies 
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on is noted to be 0.23. The problem now is to move along 
this circle towards the generator until the reciprocal of the 
constant resistance circle of the source impedance is inter- 
cepted. This circle does not exist on a standard Smith chart 
and must be constructed. _ 

This is done bY determining the radius of the constant 
resistance circle representing the real part of the source 


- impedance and then constructing a circle of equal radius 


with its center on the real-axis and its circumference tangent 


_ to the outer radius: of the chart at zero resistance. When 


this is done the intercept with the 0.23 constant real circle 
is seen to lie at point D. The amount of parallel susceptance 
needed to move from point C to point D is: | 


Bcp = (Bc - BD) (Yo) = | 
(2.4 - 0.38) (24.6) = 49.72 mmhos (11) 
This is a parallel capacitance of: | 

Cp = Bcp/2nf = 49.72/(27)(470 x 10°) = 16.84 pF (12) 
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All that remains to finish the solution is to determine 
the amount of reactance necessary to reach the source at 
point F. To do this, it is first necessary to transpose point D, 
which is an admittance, to an impedance. This is accom- 
plished by rotating point D one-quarter wavelength on a 
constant VSWK circle. This moves point D to poini E 
which is on the 2.04 reactance line thus representing a 


ec reactance of: 
we wee 


Xcs = (XE) ® (Zo) = (2.04) © (40.65) = 82.9 ohms (13) 

A series capacitance with this reactance is: 

1 l 
Cs= -= = 4.08 pF (14) 
(277) (f} (Xeg) (21) (470 x 106) (82.9) 
This completes the solution for the input network. 

The interstage networks as well as the output network 
are solved in similar fashion with the following differences. 
In the case of the interstage networks when the imaginary 
term of the source impedance is other than zero, point F 
would be plotted at the complex conjugate of the source 
impedance. In the output network solution the “source” 
is the output load of the amplifier (SO + j0) and the “load” 
is the collector impedance of the output device. 


| Bandwidth (-7 db) | | 6Mnz | 8MHz__| 
| Overall Efficiency | 44.5% 46.5% 48.5% 
f Harmonics sd Al! Harmonics Better Than —20 db 


g Siavility j Ampiifier Stabie under aii Conditions of | 


| Drive down to Vcc = 5.0 volts 


Burnout No Damageto any Transistor with Load Open} 
& Shorted with Oto +. 180° Phase Angle _ 


FIGURE 5 — Typical Performance Specifications 


2.5 cm 
(0.98”) 


2.5 em — 
(0.98”) 


2N5945 | ‘See aa 2N5946 


0.225" TYP 


Board is 1/16'' Thick 
Teflon Bonded F iber- 
glass Dielectric with 

1 oz. Copper on both 
sides. 


0.290 dia 


Figure 5 gives details on the performance of the com- 


_ pleted amplifier. The use of the porcelain dielectric chip 
- capacitors for the series elements in the interstage networks 


was found to provide an additional 2.5 to 3.0.dB of gain 
over that obtained with compression trimmers as well as 
reducing the number of tuning adjustments necessary. 


CONSTRUCTION CONSIDERATIONS 


As in all RF power applications, solid emitter grounds 
are imperative. In microstrip amplifiers gain can be in- 
creased more than |. dB by grounding both of the emitter 

q 


sors 


leads to the bottom foil of the microsirip buard by wrap- 


ing strips of copper foil thru the transistor mounting hole 
as shown in Figure 6. 


Section AA 


FIGURE 6 — Proper Emitter Grounding Method 


2.5cm 
(0.98’") . 


2.5 cm 
(0.98°’) 


2N6136_ 


TN rl 


FIGURE 7a — Microstrip Board Layout 
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FIGURE 7b — Photograph of Amplifier 


Stability under normal operating conditions is essential, 
however, stability should be maintained over as wide a range 
of supply voltage and drive levels as possible. If amplifier 
stability is maintained at all RF drive levels with the supply 
voltage reduced to between three and five volts, the designer 
can be practically certain that the amplifier will remain 
stable under all conditions of load. Maintaining stability 
is a key factor in protecting these transistors from damage. 
In a stable amplifier that has adequate heat sinking, these 
transistors will withstand high VSWR loads including open 
and shorted loads without damage. The major controlling 
factors in obtaining wide range stability are: 

1) Mechanical layout: Good mechanical layout in- 
cludes good emitter grounds (as previously described), com- 
pact layout and short ground paths. 


2) Biasing: The devices are all zero biased for Class ‘“‘C”’ 
operation. The use of relatively low Q base chokes with 
ferrite beads on the ground side will maintain good base 
circuit stability. In some applications, the use of a resistor 
in series with the ground side of the base chokes on the out- 
put and driver stages may enhance the stability. Approxi- 
mate values of these resistors should be 10 ohms, 1/2 watt 
for the driver and 1.0 ohms, 1/2 watt for the output device. 
The addition of these series resistors will cause a slight loss 
in gain; (about 0.1 to 0.2 dB overall). 

3) Collector supply feed method: The collector supply 
feed system is designed to provide decoupling at or near the 
operating frequency and a low collector load impedance at 

frequencies much lower than the operating frequency. 

4) Heat sinking: In order to protect against burnout 
under all conditions of load, adequate heat-sinking must be 


provided. In heat sinking the device it is imperative to use 


- a good grade of thermal compound, such as Dow-Corning 


340, on the interface between the device and its heat sink. 


Figure 7a shows the microstrip board layout while 
Figure 7b is a photo of the completed amplifier. 


DEVICE HANDLING CONSIDERATIONS. 


Although the Motorola stripline package is a rugged 
assembly, some care in its handling should be observed. The 
most important mechanical parameter is stud-torque, speci- 
fied on the data sheet at 6.5 inch-pounds maximum. This 
data sheet specification is an absolute maximum and should 
not be exceeded under any circumstances. A good limit to 
use in production assembly is 6 inch-pounds and if for any 
reason repeated assembly/dissassembly is required torque 
should be limited to 5 inch-pounds. 

Another major precaution to observe is to avoid upward 
pressure on the leads near the case body. Stresses of this 
type can crack or dislodge the cap. This type stress some- 
times occurs due to adverse tolerance build-up in dimensions 


when the device is mounted thru a microstrip board onto 
a heat sink. Many times this type of stress is applied even 


in the most carefully thought out designs due to solder 
build-up on the copper foil when a device is replaced. In 
device replacement care should be taken to flow all solder 
away from the mounting area before the stud nut is torqued. 
Finally, one must be sure to torque the stud nut before 
soldering the device leads. Refer to Motorola Application 
Note AN-555 for details on mounting Motorola “‘strip- 
line packaged transistors. / 
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TUNING DIODE DESIGN TECHNIQUES 
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Doug Johnson 


INTRODUCTION 
Voltage variable capacitors or tuning diodes are best 
described as diode capacitors employing the junction capa- 


citance of. a reverse biased PN junction. There is a wide — 


range of available capacitances and different device types. 
The capacitance of these devices varies inversely with the 
applied reverse bias voltage. 

Tuning diodes or Motorola’s “Epicaps ” have several 
advantages over the more common variable capacitor. They 
are much smaller in size and lend themselves to. circuit 
board mounting. They are available in most of the same 
capacitance values as air variable capacitors. Tuning diodes 
offer the designer the unique feature of remote tuning. 

Epicaps, as opposed to earlier versions of voltage vari- 
able capacitors exhibit many new improvements. Lower 
leakage, significantly higher Q and uniformity are just 
some of these advantages. 
all tuning diodes inherently varies with temperature and 
may require compensation. A simple scheme is available 
for compensation of the temperature drift, resulting in 
stabiiilies as good as, or better than, that of air capacitors. 
This note contains the details for compensating Motorola’s 
Epicap diodes. 
SIMPLIFIED THEORY 

A tuning diode is a silicon diode with very uniform 
and stable capacitance versus voltage characteristics when 
operated in its reverse biased condition. In accordance 
with semiconductor theory, a depletion region is set up 


Junction 


Reverse 
Junction 


Parallel 
Capacitor 


FIGURE 1 — Tuning Diode Capacitor Analogy 


However, ihe capacitance .of 


around the PN junction. The depletion layer is devoid of 
mobile carriers. The width of this depletion region is de- 
pendent upon doping parameters and the applied voltage. 
Figure 1A shows a PN junction with reverse bias applied, 
while Figure 1B shows the analogy, a parallel plate capacitor. 
The equation for the capacitance of a parallel plate capaci- 
tor given below predicts the capacitance of a tuning diode. 

eA | 

C= — 
d : (1) 


€ = dielectric constant of silicon equal to 11.8 x eg 


Eo = 8.85 x 10712 F/m 
A = Device cross sectional area 
d = Width of the depletion layer. 


where 


The depletion layer width d may be determined from 
semiconductor junction theory. 

The more accepted method of determining tuning 
diode capacitance is to use the defining formula for capa- 
citance. 


dQ 
= (2) 
dV 
The charge, Q per unit area, is defined as: 
. Q=cE (3) 
where E = Electric field 
So we have capacitance per unit area: 
C dE 
c= Fe (4) 
A dv 


Norwood and Shatz' use these ideas to develop a general 
formula: | 


. | q Be mtl 1/m+2 
- |. | 


m+2) (V+@)|- (5) 


m = Impurity exponent 
c = Capacitance per unit area 


Lumping all the constant terms together, including the area 
of the diode, into one constant, Cp, we arrive at: 


Cp 
 (V49)7 
where ‘ = Capacitance Exponent, a function of impurity 
exponent 


@ = The junction contact potential 
(~ 0.7 Volts) 


(6) 
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The capacitance constant, Cp, can be shown to be a func- 
tion of the capacitance at zero voltage and the contact 
potential. At room temperature we have: 


CD = Co) ™ 
Co = Value of capacitance at zero voltage 


The simple formula given in Eq. 6, very accurately predicts 
the voltage-capacitance relationship of Epicaps. There are 
many detailed derivations 1-2-3-4-5 of junction capacitance, 
so further explanation is not necessary in this note. 

_ The capacitance of commercial tuning diodes must be 
modified by the case capacitance. 


The equation then becomes: 


C=CotCy (8) 
where . 
Co = Case capacitance typically 0.1 to 0.25 pF 


Cj = Junction capacitance given by equation 6. 
TUNING RATIOS 


The tuning or capacitance ratio, TR, denotes the ratio 
of capacitance obtained with two values of applied bias 
voltage. This ratio is given by the following expression for 


the Epicap junction. | 
Vito} 7 
Vote 


_Cy (V2) _ 
Cy (V1) 
Cy (V1) = Junction capacitance at Vj 
Cj (V2) = Junction capacitance at V2 
where Vj > V2 

In specifying TR, some Epicap data sheets use four 
volts for V2. However, in order to achieve larger tuning 
ratios, the devices may be operated at slightly lower bias 
levels with some degradation in the Q specified at four volts. 
(See the discussion of Q versus voltage in the circuit Q 
section, later in this note). Furthermore, care must be 
taken when operating Epicaps at these low reverse bias | 
levels to avoid swinging the diode into forward conduction 
upon application of large ac signals. These large signals 
may also produce distortion due to capacitance modula- 


tion effects. 
Since the effects of @ and case capacitance, Co, are 


usually small, Eq. 9 may be simplified to the following for 
most design work: 


5 C (Vmin) Vmax \ Y 
TR= = 


—¢ (Vmax). Vmin 


TR 


(9) 


where 


(10) 


The frequency ratio is equal to the square root of the 
tuning ratio. This tunable frequency ratio assumes no 
stray circuit capacitance. 

Another parameter of importance is y, the capacitance 
exponent. Physically, y depends on the doping geometry 
employed in the diode. Varactor diodes with y values 
from 1/3 to 2 can be manufactured by various processing 
techniques. The types of junctions, their doping profiles, 
and resulting values of y are shown in Figure 2. These 
graphs show the variation of the number of acceptors 
(NA) and the number of donors (Np) with distance from 


the ainatinn 
wlw jesse OLVJEae 


(75 


MOTOROLA RF DEVICE DATA 


6-67 


Abrupt junctions are the easiest to manufacture and 
most Epicaps are of this type. This type of junction gives 
a y of approximately 1/2 and a tuning ratio on the order 


_ 3 with the specified voltage range. Therefore the corres- 


ponding frequency range which may be tuned is about 1.7 
to 1.0. A typical example is the MV2101: | 


C (V2) = C(30 V) = 2.5 pF 
C (V1) = C4 Vv) = 6.8 pF 
TR = 2.7 
y = 0.47 
The subscripts on the capacitance refer to the bias 
voltage applied. 3 an ys 
In many applications, such as tuning the television channels, 
or the AM broadcast band, a wider frequency range is 
required. In this event, the designer must use a hyper- 
abrupt junction Epicap.. The hyper-abrupt diode has a 
y of 1 or 2, and much larger frequency ranges. Table I 
shows typical types of tuning diodes available, their tuning 
ratios, frequency ratios and junction types. 


TABLE | DIODE TYPES 


SAMPLE TUNING 


. Linear 
Graded 


. Abrupt 


. Hyper- 
Abrupt : 


. Hyper- 
Abrupt 


ee ais 


FIGURE 2 — Doping Profiles and Capacitance Exponent for 
Some Common Tuning Diode Types 


Distance from junction | 
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The hyper-abrupt devices are constructed with special epi- 
taxial growth and diffusion techniques, which creates a 
doping profile similar to that shown in Figures 2C and 2D. 
The Q of the BB105 and MV109 series hyper-abrupt 
diodes is as high as abrupt junction Epicaps. Their capaci- 
or 20 pF, and 


i 
h capacitance devices for applications below 10 


wk Bon Ae Lar eae Bw en tae 1 
afé SUitaUIe LOI tuning clements in AM broad- 


CIRCUIT Q 

Popular types of mechanical tuning capacitors often have 
The Q of tuned 
circuits using these capacitors is generally dependent only 
on the coil. When using an Epicap, however, one must be 
conscious of the tuning diode Q as well. The Q of the 
tuning diode is not constant being dependent on bias volt- 
age and frequency. The Q of tuning diode capacitors falls 
off at high frequencies, because of the series bulk resis- 
tance of the silicon used in the diode. The Q also falls off 
at low frequencies because of the back resistance of the 
reverse-biased diode. | 

The equivalent circuit of a tuning diode is often des- 
cribed as shown: 7 


cy 
Q’s on the order of a thousand or greater. 


FIGURE 3 — Equivalent Circuit of Epicap Diode 


where 
Rp = Parallel resistance or back resistance of the diode 
Rg = Bulk resistance of the silicon in the diode 
Ls’ = External lead inductance 
Ls = Internal lead inductance 
Cc = Case capacitance 


Normally we may neglect the lead inductance and case 
capacitance. This results in the simplified circuit of Figure 
4. 


FIGURE 4 — Simplified Equivalent Circuit of Epicap Diodes 


The tuning diode Q may be calculated with equation 11. 


2 


= 11 
: Rs + Rp + (2nfC)2 Rg Rp” ( ) 


This rather complicated equation is plotted in Figure 5 for 
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FIGURE 5 — Graph of Q versus Frequency 


Rs = 1.0 ohm, Rp = 30 x 10? ohms, at V = 4 volts and 
C = 6.8 pF, typical for a 1N5139 Epicap at room tempera- 
ture. 

At frequencies above several MHz, the Q decreases di- 
rectly with increasing frequency by the simpler formula 
given below: 


Q~+Qs= (High frequency Q) (12) 


2 nrfC Rg 


‘the emphasis today is on decreasing Rg so betier high © 
frequency Q can be obtained. At low frequencies Q in- 
creases with frequency since only the component resulting 
from Rp, the back resistance of the diode, is of consequence. 


(13) 


Qis also dependent on voltage and temperature. Higher 


Q © Qp = 2mfCRp (Low frequency Q) 


_ reverse bias voltage yields a lower value of capacitance, 


and also since Rg decreases with increasing bias voltage, the: 
Qincreases with increasing voltages. Similarly, low reverse 
bias voltages accompany larger capacitances, and lower Q’s. 
Increasing temperature also lowers the Q of tuning diodes. 
As the junction temperature increases, the leakage current 
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- FIGURE 6 — Q versus Reverse Bias and Temperature 
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increases, lowering Rp. There is also a slight decrease in Rg 
with increasing temperature, but the effects of the decreas- 
ing Rp are greater and this causes the Q to decrease. The 
effects of temperature and voltage on the Q of a 1N5139 


at 50 MHz are plotted in Figure 6. oo 


TEMPERATURE 

The Q and tuning ratio of Epicaps are parameters that 
every design engineer must be aware of in his circuits. 
Another equally important characteristic of tuning diodes 
is their temperature coefficient. A typical example of the 
capacitance versus temperature drift is shown in Figure 7. 


Capacitance (pF) 


Temperature (°C) 


FIGURE 7 — Capacitance versus Temperature for a MV2101 
Epicap Biased at 4 Volts 


Capacitance Drift (ppm/°C) 


4 5.6 78910 
Reverse Voltage (Vp) . 


FIGURE 8 — Capacitance Drift in ppm/°C versus Voltage 
MV2101 Diode 


The temperature constant, Tc, is a function of applied 
bias. Figure 8 shows Tc for a typical Motorola Epicap. 
Note that for low bias levels, on the order of a volt or two, 
the Tc is as high as +600 parts per million per degree centi-: 
grade (ppm/°C). This represents a frequency change of 
- 300 ppm/°C which at 100 MHz means a frequency shift 
of 30 kHz per degree. It is obvious that a temperature 
compensation scheme is desirable for any frequency control 
not using feedback techniques. © ; oe 

In Figure 9, the actual capacitance drift of a MV2101 
per degree centigrade is plotted. The graph illustrates that 


10,000 


Vall 
uit 
LULL 


Capacitance Drift (A F/°C) 


8. 10 15 20 


Reverse Voltage (Vp) 


FIGURE 9 — Capacitance Drift in Attofarads/°C versus Voltage 
: for the MV2101 Tuning Diode 


Attofarads = (pF x 1076) 


a simple negative temperature coefficient compensating 
capacitor will not compensate for the tuning diode Tc 
because the change in capacitance is not constant with 


— voltage. 


A popular method of temperature compensating Epicaps 


_ involves the use of a forward biased diode. The voltage 


drop of a forward biased diode decreases as the temperature 
rises, thus applying a changing voltage to the Epicap. In 
the network shown in Figure 10, an increase in temperature 


V DIODE = 0.6 V (Room Temperature) 


Vout 


FIGURE 10 — Simple Temperature Compensating Network 


will result in a decrease of the diode voltage VDIODE to per- 
haps 0.5 V. If Vin is maintained constant, the available 
output voltage Voyt will rise by 0.1 V. This increase in 
output voltage will lower the capacitance of the tuning 
diode and partially offset the initial capacitance increase 
caused by the temperature change. This method has been 
explored in detail and specific compensating circuits for 


_Epicaps have been designed. The following sections de- 
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scribe the results of this work. 


THEORY OF TEMPERATURE CHANGE 


Before proceeding further with schemes to correct the 
temperature drift, it is informative to investigate the physi- 
cal mechanisms responsible for the changing capacitance. 
Equations 6 and 8 may be combined to give the basic 
expression for capacitance below: 


Cd 
C= ———__ + 
(V+) Y 


Co | | (14) 
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We can pinpoint the terms in Eq. 14 that may account 
for capacitance changes. The contact potential, ¢, is a 
strong function of temperature, varying on the order of 
-2 mV/°C. Cg is a function of geometric dimensions 
which can change with temperature and e€ which changes 
with temperature. Case capacitance also changes with 
temperature. For this analysis we wiii assume the only 
terms not temperature dependent are the supply voltage 
V, and the canacitance exponent, which is a function only 
of the slope of the doping carne: 

The contact potential, ¢, is readily calculated from semi- 
conductor theory, and the equations predict a large change 
with temperature. This change in ¢ will produce a much 
larger change in capacitance for lower voltages than for 
higher voltages, and therefore accounts for the majority of 
capacitance change in tuning diode temperature drift. See 
Table Il. 


TABLE Il 


Calculated éapaclianes change versus aeplied voltage i in. 


ppm/°C for: 


—" =_2 mvV/9C 
d 


Comparing Table II with Figure 8, we see that a +40 to 
+50 ppm/°C temperature drift stili remains. Therefore > 
is not the only mechanism responsible for temperature 
drift and others must be sought. There is a change with 
temperature in physical dimensions in any material which 
has an affect on the order of 1 ppm/°C for a tuning diode. 
However, this change is too small to be of any significance. 
Another possibility is a change in dielectric constant. Sili- 
con, depleted of its charge carriers, forms a dielectric layer 
with a relative dielectric constant of 11.8. The dielectric 
constant of silicon has a temperature coeffi icient of +35 
ppm/°C. 1 These effects chante the value of Cq with 
temperature. 

Another effect which sometimes must be considered 
is the change in case capacitance with temperature. The 
case capacitance is about 0.25 pF for the plastic TO-92 
case. And there is a change of +25 AF (attofarads = 107© 
pF) per degree centigrade. The glass DO-7 case exhibits 
a capacitance of about 0.20 pF and a change of +30 
AF/°C. These are small changes for most low voltage 
capacitances, but become increasingly important as the 
voltage is increased and capacitance is reduced. Also these 
effects are only important for the low capacitance devices. 
For instance, consider the 1N5139 series which are pack- 
aged in the DO-7 glass case. ‘Table III shows how large an 
effect case capacitance has on the capacitance drift of 
these diodes. , 


TABLE 11! Effect Of Case Capacitance Changes On 1N5139 
And 1N5148 Epicaps 


| 1N5139 | 1N5148 | 
Bias | Changes '. Changes 
Voltage Capacitance} attributable to | Capacitance] attributable to | 
(Volts) | | case capacitance case capacitance} 
(ppm/°C) 


In summary, the largest changes are caused by the change 
in contact potential. This effect is most noticeable at low 


- voltage, high capacitance levels. The change in silicon di- 
electric is the next most important factor providing a change 
that is uniform for all devices and voltages. Case capaci- 
tance changes are most noticeable in the low capacitance, 
high voltage range, and may be neglected for all devices 
except those low capacitance devices. 


THE POWER SUPPLY 


We previously assumed that the supply voltage did not 
change with temperature. This is rarely the case, and special 
consideration must be given to this part of the design. All 

our efforts to temperature compensate the tuning diode 
may be in vain if the power supply has a large Tc or is 
otherwise unstable. Figure 11 shows the common method 
of supplying voltage to a tuning diode. 


Power 


Source Vq 


EIGURE 11 — Common Means of Supplying Bias 
Voltage to a Varactor Diode 


POWER SOURCE ee | 

The power source is the most critical part of the circuit 
in Figure 11. It must be extremely stable in order to 
achieve good varactor tuning stability. The full drift of 
the power supply as expressed in ppm/°C will appear at 
Vqd regardless of the setting of the potentiometer. For 
example, if Voyt is 40 volts with a drift of 100 ppm/°C 
(4 mV/°C), Vq may be 10 V, but will still have a drift of 
100 ppm/°C (1 mV/°C). ASO ppm/°C stability figure in 
Vq translates into a 25 ppm/°C stability of capacitance, 
when the capacitance exponent is 0.5. For hyper-abrupt 
junctions we realize capacitance stabilities of 50 and 100 
ppm/°C for exponents of 1 and 2! respectively. 

| There are many differing power supply regulators avail- 
able to the designer. Zener diodes are relatively inexpen- 
sive, but have a poor temperature coefficient. Temperature 
compensated zeners are very expensive and have a limited 
voltage range. The MC1723,a monolithic integrated circuit 
voltage regulator, has excellent temperature characteristics, 
37 volt output capability, and wide temperature range. 


-MOTOROLA RF DEVICE DATA 
6-70 


AN-551 


TABLE 1V Summary of Power Regulators 


Voltage Temperatu re 
Range Range 


Voltage - 
- ppm/*C 


Vateage 
ppm/*C 
Typical | 


Device Tc 


‘200% 
+200°C 


~50, 
+125°C 


~55 
1g%¢ 


1N4752 
Zener 
1N3157 
Temperature 
Compensated 
Zener 
MC1723 
Regulator 
MFC6030 
Functional 
Regulator 
MC7800. 
Fixed © 
Voltage 
Regulators 
MVS460 . 
TO-92 
Regulator | 


Pec 


The MFC6030 Functional* integrated circuit is less costly 
and exhibits almost as good a temperature constant. 


The MC7800 fixed output voltage regulators are 


extremely simple to use in that they have only input, 
output and ground terminals and require no external 


- components other than possibly a high frequency bypass — 


' capacitor. (The latter item is generally required with all IC 
regulators to prevent high frequency oscillations). 

The MVS460 is a two leaded IC regulator especially 
designed for use with tuning diodes. It represents a simple, 
inexpensive solution to the voltage regulator problem. 
Table IV contains a | summary of available power supply 
regulators. 


VARIABLE RESISTOR 


The variable resistor is considerably less critical. Since 
it is being used as a voltage divider, all that is required is 
that the resistive material be uniform so any change in 


resistance is uniform throughout the potentiometer. Wire 


wound, and special high quality cermet film variable resis- 
tors are suitable for these applications. Generally speaking, 
alinear potentiometer should have a Tc of +150 ppm/°C or 
better. Special taper potentiometers should have a Tc of 
+50 ppm/°C or better. 
The variable resistance cannot be made too large or 
there will be appreciable voltage drop as the reverse current 
-in the diode increases. The reverse current in a silicon 
diode generally doubles every 10°C so this becomes an 
important problem at temperatures above 50°C. If the 
temperature is expected to run as high as 70°C, one must 
limit the variable resistor to 50 kQ or the effect will be a 
greater than 5 ppm/°C capacitance change. If 50°C is the 
upper temperature limit, the resistance may be upped to 
150 kQ. These values apply to all of Motorola’s Epicap 
series. When the tuning diodes are used in applications 
where temperature will greatly exceed 70°C, the divider 
resistance should be kept below 10 kQ. This low value 
requires large power supply currents and would be unde- 
sirable in some applications.. However, since the Motorola 
MC1723 is the recommended power source at these temper- 
atures, voltage control may be accomplished using the 
regulator without relying on an external divider potentio- 


*Trademark of Motorola Inc, 


Notes: 
1) See Figure 12 for some typical c circuit connections . 
2) More information on regulators is available.in literature 8,9,10 
3) To compute frequency change (ppm/°C), divide capacitance 


(ppm/°C) change by:2. 


Optional , 


Numbers in parenthesis refer to G package. . 


YAW 10% 

sont {Accurately Match Tc to within better 
1% than 20 ppm/°C. 

. 50 ppm/°C potentiometer 


1% 20 ppm/°c 


Vin = 35 Volts max 

Rego = 20 22 ZW 10% 

‘Ry. = Variable Resistor feeding the Epicap . 
Ry ~ 50k 50 ppm 


Vout 0-33 Volts _ 
FIGURE 12 B — Regulator Using MCF6030, 0° — 70°C 


‘meter,as shown in Figure 12A. The MC1723’s low output 
impedance of 0.05 ohms will easily and reliably handle the 
change in current demanded by the -Epicap as it heats up. 
Figure 12B shows another popular regulator circuit. If 
higher or lower voltages are needed, schemes such as volt- 
age boost ® and floating regulators may be used. 
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FIGURE 13 — Temperature Compensation Using A Silicon Diode 


EMPERATURE COMPENSATION 


it has been previously noted that the most effective 
means of temperature compensation is simply to use a 
silicon junction biased in the forward direction. A circuit 
employing this technique is shown in Figure 13. 


Diode D1 has a forward voltage drop on the order of 
0.6 volts, and a temperature coefficient of - 0.002 V/°C. 
Assuming a constant voltage from the supply, the reduc- 
tion in diode voltage with increasing temperature, increases 
the voltage available to the tuning diode, Vp. The higher 
tuning diode voltage, Vp, lowers the capacitance enough 
to compensate for the increase due to temperature. How- 
ever, merely using a random diode with an arbitrary value 
of R1 will not result in very accurate temperature compen- 


sation. 
t carrectinn devices axvhih 


Different correction devices exhibi 
in voltage drop with temperature) values because of differ- 
ing doping schemes. For example, a typical Epicap exhibits 
a Tc of approximately — 1.5 a while some high 


96 mY /Oc, 


Tm NP BRAY 


it diffareant To (changes 


v Ci ie rene 4uL \wildilew 


current rectifier ainotinna manaire aa hh; a0 
aad Jj edae tiie 244VGGUAY GS Lid i GO 


So it is necessary to investigate many different junction de- 
vices in order to find a diode that adequately compensates 
the tuning diode drift. 

The tuning diode’s change with temperature must be 
accurately determined. Also of major importance is the 
value of Rl. A typical junction may have a.Tc of - 1.5 
mV/°C at 10 mA junction current, and a Tc of -2.8 mV/ 
°C at 1 wA junction current.” Thus the value of R1, the 
bias resistor, must be chosen to yield the optimum value of 
compensating diode current. 

Detailed analysis was performed on 160 low cost junc- 
tion devices in order to arrive at suitable compensation 
schemes for Motorola’s Epicaps. The results appear in 
Table V. The correction diodes represent the devices which 
provided the most accurate and reliable compensation. A 
computer program was devised to optimize the value of 
R1 in each case. Two different methods of compensation 
were analyzed. Method one searches for the lowest ppm 

values without using Cl, the temperature compensating 
capacitor. At. some voltages the temperature corrected 
tuning diode will have a negative temperature coefficient, 
while at others it will be positive. In general the results 
are better than +50 ppm over the entire range from 2 volts 
to the breakdown voltage of the Epicap diode. 

Method two attempts to cluster the residual capacitance 
at some standard value after the diode has performed its 


‘Rest 


Circuit 


lopm Accuracy of R1 


METHOD TWO — Schematic Diagram 

_| Note 1: To find the value of negative temperature coefficient 
capacitor, C1, use equation 15. 

e Cc - 

~x TD in pF (15); 

where ae 


Cy = Value listed above in Table V 
CT p = Capacity in pF of the tuning diode at four volts 
'. N= Temperature coefficient of capacitor: = 
_ 'f aN750 is used, N = 750. 
Note 2: For MV2305 series, the ppm/°C drift values specified 
_ hold for 1.5 V to the breakdown voltage. 


This value (dus tan ailinan Aialantrin awnan 


4 ab 
SOrrecticn  SuICON GieieCciiic Cna;¢nZge, 


WWLILwyLlivile 


case capacitance change, etc.) is easily “tuned out” by 
means of a small negative temperature coefficient capacitor. 

Consideration must be given to the stability of Rl. As 
the resistance of R1 increases wiih changing temperature, 
less current will be drawn through D1, thus decreasing its 
voltage drop. The result will be a rise in the voltage applied 
to the Epicap. Analysis of this effect is shown in Table 

The results of using a MV2111 in the compensation 
circuits are shown in Figures 14A and 14B. Only the diode, 


TABLE VI! 


= POMING DIODE Blas VOLTAGE 


Kaa ze i a 


PPM 
12 
24 FF 


CAPACITANCE 
. CHANGE 

Penns cost in mind, +100 ppm or +50 ppm 1% resistors 

are recommended for R1. 


resistor. Rl, tuning diode, and capacitor Cl if used were 
subjected to temperature changes. Thus, any effect of 


power supply variation and variable resistor instability 


were neglected: 

Actual circuits constructed will not. be as accurate as 
these test results. because the power supply and variable 
resistor will contribute some instability. Some of the vari- 
ations that will occur are shown in Table VII. 


The effects of tuning. diode variation and correction 
diode variation are accounted for in Table V. The effects 
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TABLE V 


Method 
Correction 
Diode 


MV2101 | msp6100 


Series : 
1N4001 


-*2N5221 


*MPS5172 


*MPS3904 


‘IN5139 MSD6100° 


Series 1N4001 
_ MPS5172 


MV2305 MSD6100 


Typ 
ppm 
Method One 


-50 to 125°C 


~30 to +40 


-40 to +40 


-30 to +40 


~35 to +40 


-30 to +50 


-30 to +45 


+40 to +50 


Max 
ppm 


Method One-. 
-50 to 1259C 


Method 
Two 
Cy Note 1 


Typ 
ppm = 
Method Two 


-50 to 125°C 


“Max | 
ppm 
Method Two 


-50 to 125°C 


Series F 
Note 
2 


~1N4001 


*2N5221 
*MPS5172 [1 
*MPS3904 | 


MV3500 MSD6100 


Series 

*2N5221 
*MPS5172 
Sgt *MPS3904 
1N5441° -| MSD6100 
-& 1N5461 
Series 1N4001 
*2N5221 
*MPS5S172 


*Base-Emitter junction used as a diode. 


TABLE VII Other Error Contributing Factors In Temperature 


FIGURE 14A — MV2111, MSD6100 Compensation Diode 
Compensation 


5 Ri =68 k 
Typical ppm/PC 


|} Power Supply Variation 


Se Jie +25 
| R1 Changes +5 + Baa 
Changes in Epicap ‘Current through Potentiometer +20 
Potentiometer Nonlinearities ; : ee | 
Tuning Diode Variation | +10 +15 cl A 
i+ le s 


Correction Diode Variation 


of power supply and potentiometers must be accounted 
for separately and decrease the total accuracy. If a +25 
ppm/°C correction scheme is used, but the power supply 
has +25 ppm/°C stability, an overall stability of +35 ppm L 

is obtained. This apparent error results from the fact that Plot of Tuning Diode Temperature Correction 
the error factors cannot be added directly, but must be . ae | secre arte aie eu imeaee G a 
‘summed as vectors in accordance to the rules of error 4 5 10 50 
theory. It is important to consider the whole circuit when 
designing for temperature compensation. 


Capacitance Drift (ppm/°C) 
° 
i. 
mae 
fee == 
ay, 


- Reverse Bias Voltage (Volts) 


FIGURE 14B — Mv2111, MSD6100 Compensating Diode 
R1=8.2 k 
C1 = 3.3 pF (N330) 
0.00109 pF/°c 


Compensated 
——— — Uncompensated 


HYPER-ABRUPT TEMPERATURE DRIFT 


The hyper-abrupt tuning diode is more sensitive than 
other types to temperature variations resulting in a greater 
need for temperature compensation. Also their drift with 
temperature is not as uniform as abrupt junction tuning 
diodes. Their drift factors expressed in ppm/°C run as 
high as 800 to 1200 for the units with a y of 2. Units 
having ay of 1 typically show 300 to 400 ppm/°C capaci- 
tance changes. These higher drift rates are caused by the 


Plot of Tuning Diode Temperature Correction 
versus Voltage (Method One) 


Capacitance Drift (ppm/°C) 


1 5 10 50 
Reverse Bias Voltage (Volts) 
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hyper-abrupt tuning diode’s greater sensitivity to changes 
in voltage, and the fact that the majority of capacitance 


change is caused by the change in contact potential, ¢. 


This greater sensitivity to voltage changes means that power 
supply and other instabilities will also have a larger effect 
than with regular abrupt junction tuning diodes. 

As a first order approximation, a MPS3904 transistor’s 


emitter-hase jun neti on with a 50 k resistor used for R1 will 


CTO BwSesesee E2SWULE foe k ae 


improve the temperature drift in capacitance to better 
than 200 ppm/°C. Improvement from this point can only 
be obtained by a trial and error method described below. 

Figure 15 shows the variation in compensation as R1 
is varied for the MV3142, a hyper-abrupt tuning diode. As 
Ri is increased in value, the ppm/°C value is made more 
negative. The effect of the change is greatest at lower 
voltages. 

To completely compensate the drift factor of the 
MV3142 shown in Figure 15 would be very difficult due 
to the variation of the curve shape. However, improved 
compensation may be achieved by limiting the diode to 
an operating voltage range of 2 to 15 volts. Starting with 
an RI value of 50 k, the tuning diode and compensation 
circuit should be varied in temperature, while measuring 
the capacitance change. If the drift factor is more positive 
than desired, R1 may be increased in value. Referring to 
Figure 15, a temperature drift factor of +40 ppm/°C at 2 
V may be larger than can be tolerated. Substituting a 200 k 
resistor will reduce the value to 25 ppm/°C at 2 V. In 
order to accurately compensate at any voltage, it is only 
necessary to vary R1 while measuring the capacitance drift. 
If the required value for R1 becomes larger than 750 k, 
the compensating junction type should be switched to a 
MSD6100, and the bias resistor started at 50 k again. 


ppm/°c 


Compensated 


Y ie 
ES Ni =A 


ae 

6 oes A/c 
ee Pe ee A eee 
ad ea ae 
100 pti ti i 


Reverse Bias Voltage (Volts) 


FIGURE 15 — MV3142 Tuning Diode Compensation 
For Differing Values of R1 


SUMMARY 

Voltage variable capacitors are rapidly replacing air vari- 
able capacitors in many applications. These devices offer 
many advantages over previous variable capacitors, such as 
the ability to employ remote tuning. By carefully con- 
sidering the proper design conditions, such as temperature 
drift, and designing accordingly, Epicaps can replace air 
capacitors in Virtually ali but high power applications. The 
designer must be aware of the tuning range and Q limita- 
tion in order to use these devices effectively. Temperature 
drift should cease to be-a problem when proper compen- 
sation schemes are used. 
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_ MOUNTING STRIPLINE-OPPOSED-EMITTER (SOE) 


Prepared by Lou Danley oe 


INTRODUCTION. eae, 
The Stripline Opposed Emitter (SOE) package presently 
used by Motorola for a number of ri power transistors 


represents a major advancement in high frequency and - 
thermal performance. This Application Note discusses the » 


SOE package, it advantages and limitations as well as a 
number of considerations to avoid improper usage. 


An understanding of a few basic principles in regard to _ 


mounting and heat-sinking of this package can help avoid 


cases of poor performance or device damage. : 

Two general package types — the stud-mounted and 
flange-mounted SOE packages will be discussed. Each of 
the general types is available in a variety of sizes. Typical 
package outlines of the two SOE packages are shown in 
Figure 1. . 


ADVANTAGES OF THE SOE PACKAGE 


The primary electrical advantages of the SOE packages 
are the low inductance strip line leads which interface very 
well with the microstrip lines often used in UHF-VHF 
equipment and the good collector to base isolation provided 
by the two emitter leads. The two emitter concept pro- 
motes symmetry in board layout when combining devices 
to obtain higher output power. Both emitter leads should 
always be used for best performance. ss | 


DESCRIPTION OF THE SOE PACKAGE 


Figure 2 displays the component parts on a stud- 
mounted SOE package. This package will be used as an 


_ TRANSISTORS 


example since both the stud and flange-mounted packages 
are very similar in construction. The body of the package 
isa Berylium Oxide (BeQ) disc. Berylium Oxide was chosen 
due to its high thermal conductivity. Attached to the 
bottom of the disc is a copper stud which is for heat transfer 
and mechanical mounting. The lead frame is attached to 
a metalized pattern on to the top surface of the BeO disc. 
The actual shape of the leads differs between the various 
package types. Finally an Alumina ceramic cap is attached 
to the top of the disc over the leads providing a protective 
cover for the transistor die. . - 

An understanding of the basic structure of the SOE 
package is essential to proper usage of these devices in 
respect to heat-sinking and mechanical mounting. Since 
these two areas present the greatest problem to users, they 
will be discussed in detail. | 


HEAT-SINKING THE SOE PACKAGE 
In order to properly understand the thermal considera- 


‘tions involved in mounting SOE type packages, it is neces- 


sary to lay some groundwork in the area of heat flow. 
Table I gives equivalent Thermal and Electrical parameters 
which may be used to relate Thermal properties to more 
familiar electrical units. i 
Semiconductor power devices are usually guaranteed to 
have a certain thermal performance as stated by the thermal 
resistance of the device from the junction to the case, or 
mounting surface — 0yc. How to get the heat out of the 


FIGURE 1 — SOE Packages 
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FIGURE 2- Component Parts of SOE Package | 


case has generally been left to the user. In any dynamic 
heat flow problem, the heat must go somewhere, other- 
wise there will be a continuous rise in the temperature of 
the system. In text books, there always seems to be an 
“infinite heat sink” available which can absorb any amount 
of heat with no temperature rise whatsoever. In the 
practical sense, however, such a heat sink. does not really 
exist. Practical heat sinks must be characterized by a cer- 
tain temperature rise for a given ambient condition, with 
a known amount of heat input (power to be dissipated) 
after equilibrium conditions have been achieved. Charac- 
terization of heat-sink systems is best achieved by exam- 
ining the complete system under controlled conditions. 


TABLE ! — Thermal Parameters and Their Electrical Analogs 


Thermal Electrical Analog 
— Parameter sue Symbol 
Temperature Voltage 
difference 
Thermal °C/watt Resistance 
resistance 
watt-sec 

Heat capacity Capacity 


Thermal 
Conductivity 
conductivity sec-cm-? 


Quantity of Charge 
heat 

a os lacs eee 
Thermal time Time constant 
constant 


“Note the one major difference in thermal and electrical units; Q 
is in units of energy, whereas q is:simply a charge. Hence His in 
units of power and may be equated to an electrical power dissipa- 
tion. 


where: 


For example, the normal environment for a land-mobile 
VHF transmitter might be the trunk of a taxi cab in the 
hot Arizona summer. In such an environment, temperatures 
might reach as high as 80°C (176°F). The heat-sink 
system for such a radio should therefore be tested at a 
minimum ambient temperature of 80°C. The method 


that should be applied in this test would ules a fine 


wire thermocouple rigidly secured to the stud of the rf 
power transistor for which the test is being conducted. 
The system, which in this case would include all parts of 
the radio which would contribute heat, should then be 
operated under maximum heat generating conditions, in 
the high temperature envi: ; 
urement of the aan of the device under test wouid 
then give the difference in temperature between the case 
of the transistor and the controlled ambient. 

_ If the case and ambient temperatures are known, as well 
as the power levels in the transistor, the thermal resistance 
from the transistor case to the ambient can be calculated. 
The first step is to obtain the power being dissipated by 
the device. | 


Pq =P) +Po-P3 (1) 


where: Pq = power being dissipated by the transistor 


in watts; 
Pj = de power into the transistor in watts; 
P9 = 1f power into the transistor in watts; 


P3 = rf power out of the transistor in watts. 


This value of Pg is used to obtain the OCA Value from 
the equation: 


Tc-Ta os 
OCA= Pa (2) 
OCA = thermal resistance device case to 

ambient; 


where: 


Tc = device case temperature; 


TA = ambient temperature. 


In order to determine the maximum temperature rise 
in the transistor element (junction temperature rise) under 
any given operating condition the following equation ny 
be used. 


=(9jC+9CA)PatTA (3) 


Tj = junction temperature; 


9 JC = published thermal resistance — 
junction to case. 


If power is dissipated in a power transistor, the case 
temperature will rise above the ambient temperature by 
an amount determined by 6Jc and 6CA. Since the value 
to @jc is fixed by. the transistor type being used, 6¢ A is 
the only factor with which the user can control the junction 
temperature for a given power dissipation. 
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Since heat generated by the transistor must be radiated 
to the ambient by the heat sink, a low OCA requires an 
effective heat sink. In general, an efficient heat sink 
requires that material with high thermal conductivity and 
high specific heat be used. A table of thermal properties 
_for various materials is given in the Appendix. A well- 
designed heat sink requires that all thermal paths be as 
short as possible and of maximum cross-sectional area. 
_ Examples of thermal resistance calculations for a bar and 
a flat disc of thermal conducting material are given in-the 
Appendix. 

The equations given in the Appendix however, assume 
no thermal resistance between the case and the heat sink. 

The primary heat conducting surface on stud-mounted 
SOE packages is the flat metal surface between the actual 
stud and BeO case body labeled surface S in Figure 2. This 
surface, which has a D-flat on some case types, must make 
good contact with the heat sink to allow good thermal 
conduction. To insure good contact: a) the heat sink 
mounting surface must be flat, b) the mounting hole must 
be burr free, the | proper size and perpendicular to the mount- 
ing surface, c) the proper sized nut should be used and d) 
the nut should be properly torqued. Recommended mount- 
ing hardware is given in the section on device mounting. 

With flange-mounted devices the primary parameters 
affecting thermal transfer are the flatness of the heat sink 
surface and the flatness of the device flange. The flange- 
mounted package requires that good contact be made be- 
tween the flange and the heat-sink surface, particularly 
directly beneath the BeO disc. 

With either of these packages it has been Found that a 
considerable improvement in thermal transfer. can be 
achieved through the proper use of one of ‘the silicone 

based “heat-sink compounds” which are marketed by 

several vendors. Dow Corning and Wakefield Engineering 
are both suppliers of good thermal compounds. It should 
be pointed out however, that these compounds have a 
thermal conductivity approximately equal to that of Mica 
(0.0018 Cal/Sec-cm-°C) which is. poor compared to that 
-of Aluminum (0.49 Cal/Sec-cm-°C). However by comapr- 
ison, the thermal conductivity of still air is approximately 
0.000006 Cal/Sec-cm-°C). The quantity of silicone grease 
used must be kept to the absolute minimum required to 
fill in any air gaps which might occur between the tran- 
sistor mounting surface and the heat-sink surface. In the 
case of the stud-mounted package this is the gap after the 
- transistor has been secured with the proper stud torque. 
Contributions of as high as 0.5°C/watt to the overall 
thermal resistance can occur if the heat-sink compound is 
used in a sloppy and excessive manner. 


MOUNTING SOE DEVICES 

The second area demanding consideration by a user of 
SOE transistors is mechanical mounting. Failure to observe 
proper mounting procedures can result in device destruc- 
tion. This section will discuss both the stud-mounted, and 
the flange-mounted SOE devices. 


Seven general considerations for properly mounting 


SOE transistors are listed briefly below. More detailed 
discussion will follow. 


A. The device should never be mounted in sigh a 
manner as to place ceramic to metal joints in tension. 


B. The device should never be mounted in such a 
manner as to apply force on the strip leads in a vertical 
direction towards the cap. | 


C. When the device is mounted in a printed circuit 
board with the copper (stud or flange) and BeO portion 
of the header passing through a hole in the circuit board, 
adequate clearance must be provided for the BeO to pre- 
vent shear forces from being applied to the leads. 


D. Some clearance must be allowed between the 
leads and the circuit board when the device is properly 
secured to the heat sink.- a 


E. The device should ne oe eeurcd into the 
heat sinks before the device. leads are attached (soldered) 
into the circuit. 


F. The leads must not be used to wievent device rota- 


tion on stud type devices during stud torque application. 


A wrench flat is provided for this purpose. 


G. With’ stud packages, maximum. stud torque, as 
stated later in this note, and on the respective device data 
sheets must not be exceeded. If repeated assembly/dis- 
assembly Operation is expected, a lesser bord ness should 
be used. 


_ Most of, the considerations listed above are designed to 

prevent tension at the metal-ceramic ‘interfaces onthe 
SOE package. Improper mechanical design can lead to 
application of stresses to these joints resulting in device 
destruction. Three joints are considered: The cap to the 
BeO disc, the leads to the disc, and the stud or mines 
to the disc. 
- The joint between the ceramic cap and the BeO c ceramic 
disc is composed of a material which loses strength above 
175°C. While the strength of the material returns upon 
cooling, any force applied to the cap at high temperature 
may result in failure of the cap to ceramic joint. : 

The lead frame and stud or flange attachment will be 
grouped together since they are very similar. Although 
the SOE package used by Motorola makes use of high 
temperature (> 700°C) solder alloys for lead frame and 
flange or stud attachment, care should be taken to avoid 
the application of tensile forces to the joint in the mount- 
ing of the transistor into a system. Such forces could 
result if the device v were mounted with i improper mounting 
clearances. 


MOUNTING THE STUD TYPE SOE TRANSISTOR. 
Figure 3 shows a cross-section of a printed circuit board 
and heat sink assembly for mounting a stud type SOE 
device. Let us define Has the distance from the top surface 
of the printed circuit board to the D-flat heat sink surface. 
If H is less than the minimum distance from the bottom 
of the lead material to the mounting surface of the SOE 
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FIGURE 3 — Typical Stud-Mounting Method 


package, there is no possibility of tensile forces in the 
copper stud — BeO ceramic joint. If, however, H is 
greater than the package dimension, considerable force is 
applied to the cap to BeO joint and the BeO to stud joint. 
Two occurances are possible at this point. The first is a 
cap joint failure when the structure is heated, as might 
occur during the lead soldering operation; while the second 
‘is BeO to stud failure if the force generated is high enough. 


Lack of contact between the device and the heat sink sur- - 


face will occur as the difference between H and the package 
dimension becomes larger, this may result in device failure 
as power is applied. 
_ Proper stud torque is an important consideration when 
‘mounting stud type SOE devices.* The stud section of the 
SOE package is composed of a special copper alloy chosen 
because of its high thermal conductivity. However when 
this material is used in studded semiconductor device pack- 
ages, it is necessary to place severe restrictions on the 
amount of tightening torque which can be applied to a nut 
used to secure the device to a heat sink. 


The Motorola Outline Dictionary calls for Class 2A threads. The 
National Bureau of Standards Handbook H28 entitled Screw Thread 
Standards, paragraph 4.2 on page 2.17, reads in part as follows: 


“However, for threads with additive. finish, the max- 
imum diameters of Class 2A threads may be exceeded 
by the amount of the allowance; ie., the 2A maxi- 
mum diameters apply to an unplated part or to a. 
part before plating whereas the basic diameters (the | 
2A maximum diameter plus allowance) apply to a 
part after plating.” "s “4 


Also, footnote b, page 2.37 reads: 


“For Class 2A threads having an additive finish, the 
maximum is increased to the basic size, the value 
being the same as for Class 3A.” 


This means that for plated parts, the no-go gauge used is the 2A 
minimum and the go gauge.used is the 2A maximum plus the allow- 
ance or, in other words, the 3A maximum. 


MOTOROLA RF DEVICE DATA 


6-78 


The recommended torque values are listed below for 
the two thread sizes presently being employed on Motorola 
rf power transistor packages. -_ 

Recommended maximum torque for stud SOE tran- 
sistors follows: 


8-32 | 10-32 
Threads Threads 
| One time maximum 06.5 Ib.-in. [$11.0 lb.-in. | 


Repeated assembly- - = 
assembly maximum 5.0 lb.-in. | 8.5 Ib.-in. 


An evaluation of the effects of measured torque on the 
studs under consideration requires a known set of condi- 
tions. The system used to generate the data shown in 
Figure 4 consisted of a 1/8 inch aluminum plate with a 
deburred clearance hole for the stud under test, a steel 
washer to be positioned between the plate and appropriate 
steel nut. A calibrated torque wrench was used as the 
driving means. On each unit under test, the spacing sepa- 
rating four threads positioned between the nut and heat- 
sink surface was measured. After mounting the device on 
the aluminum plateand applying a known amount of torque 
the spacing was again measured and the results recorded. 

The results of this test show that up to the maximum 
torque specified, the permanent elongation of the threads 
increases linearly with applied torque. At the torque speci- 
fied this elongation does not exceed acceptable limits. 


MOUNTING THE FLANGE TYPE SOE TRANSISTOR 


The mounting and heat sinking of the flange type 
package is similar to that of the stud type package. The 
main considerations with the flange package are avoiding 
tensile stresses at the metal-ceramic joints and providing a 
flat heat conducting surface beneath the flange. 

_ Figure 5 shows a typical mounting technique for flange 
type SOE rf power transistors. Again H is defined as the 
distance from the top of the printed circuit board to the 
heat-sink surface. If distance H is less than the minimum 
distance from the bottom of transistor lead to the bottom 
surface of the flange, tensile forces at the various joints in 
the package are avoided. However, if distance H exceeds 
the package dimension, problems similar to those discussed 


for the stud type devices can occur. Because of the ability 
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FIGURE 4 — Permanent Elongation Over a Four Tooth Length 
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FIGURE 5 — Flange Type SOE Transistor Mounting Method 


of the copper flange to bend under the types of loads en- 
countered when the mounting screws are tightened, per- 
manent deformation of the flange may result. Corrective 
action after the flange has been bent will not necessarily 
insure proper thermal contact with the heat sink. . 

The flange surface as supplied with Motorola SOE tran- 
sistors is either flat or slightly convex. It is important that 
the mating heat-sink surface also be flat or slightly convex 
to provide the best contact when the device is properly 
secured. 

The holes for the mounting screws should be deburred 
because any irregularity of the surface at these two points 
is equivalent to concavity of the heat-sink surface which 
will degrade thermal contact between the transistor and 
the heat sink. . 

Since the flange may be permanently deformed during 
mounting, the device should not be dismounted and re- 
mounted in another position. 


CONCLUSION 


The SOE package is an excellent rf power transistor 
package. However, improper heat sinking and mechanical 
mounting can result in device damage. A number of con- 
siderations have been presented to inform. the potential 
user of the hazards of improper mounting. Proper usage 
of the SOE package requires no great difficulty if the de- 
signer is aware of the limitations and construction of 
the package. 

A list of recommended mounting hardware and a sug- 
gested mounting procedure follows: 


Table of Recommended Mounting Hardware Which Can be Supplied 
With Motorola Stud Type SOE Transistor 


| . Motorola Part Numbers 
Thread 
i Flat Washer Lock Washer ___ 
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STEPS IN A PROPER MOUNTING PROCEDURE 


1. Compare the distance between the heat sink sur- 
face and the top of the printed circuit board with the 
minimum dimension of the transistor from the mounting 
surface to the bottom of the leads. The transistor dimen- 
sion, as stated on the device data sheet, should be the 
greater distance to avoid the chance of stresses on the 
various joints of the SOE package. : | 

2. Bore the proper sized mounting hole or holes for 
the stud or mounting screws. These holes should be per- 
pendicular to the heat sink surface and they should be 
properly deburred. : ~~ | 

3. Place -a limited amount of thermal compound on 
the heat sink surface where it will contact the flange or 
mounting surface above the stud. Insert the transistor and 
mount with the proper hardware as suggested in the 
preceeding table. a | a 

In the case of the stud device, torque the nut to 
the proper value. oa a Toe 

4. Solder the leads to the printed circuit board using 
the minimum amount of heat and the least possible time 
of application. The leads should be soldered as close to 
the package as possible to minimize series lead inductance. 


_5.° With the unit exposed to the highest expected am- 
bient temperature, and power applied, measure the tem- 
perature at the stud or flange surface with a thermocouple 
to insure that this temperature is not excessive. Before 
production quantities are commited, it is suggested that a 
sample assembly to be tested under worst case heat 


generating conditions. 


APPENDIX 


In order to aid in heat-sink design, a table of thermal 
properties of common materials and a pair of thermal 
conductivity examples are presented. 

Table AI gives three important thermal properties of 
common heat-sink materials. In order to evaluate materials 


for use in heat sinks these three thermal properties should 


be considered. 

Thermal conductivity is a measure of the ability of a 
material of known cross-sectional area to transfer heat a 
given distance in a given time with a given temperature 
difference. Generally metals are good thermal conductors. 

Specific heat is a measure of the amount of heat a given 
mass of material can accept for a given rise in temperature. 
The scale is normalized to the heat capacity of water 
(H20 = 1.0). | | | | 

Mass density is simply the mass per unit volume of a | 
material. This parameter is important in heat sink design 
to the extent that large heat sinks of dense material carry 
with them a serious weight penalty. ae 
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TABLE Al — Typical Thermal Properties of Materials 


Specific 
Heat S 
(cal/gm-°C) 


Thermal 
Conductivity K 
(cal/sec-cm-°C) 


Mass Density p 
(gm/cm®C) . 


Beryitia- 


; Céramic H { 


n 
V 
~ 
U 


22 
0.094 
0.18 


| Alumina- 
| Ceramic 


Epoxy 


Heat Sink 
Compound 


Example 1. 

In order to. present some of the important character- 
istics to be used in heat sink design, the examination of 
two admittedly simplified models is desirable. The analogy 
between electrical resistivity and thermal resistivity will 
be employed. . | 

The first of these is shown in Figure Al. 


Surface “B” 


FIGURE At — A Bar of Thermal Conducting Material 


The electrical resistance from Surface A to Surface B 
of this bar of conductive material is: 


pL 
R= AW (Al) 
Using the electrical to thermal analogs: 
aie bo. “bE 
“Khw KA we) 


This simplified model might represent a pedestal mount 
or a device mount in the center of a bar connecting at 
either end to a housing, and demonstrates the need for 
thermally conducting paths of high cross-sectional area 
and the shortest possible length. 
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Example 2. 


The second simple model represents the mounting of 
the power device on a plate of conducting material which 
provides the conducting path to the ambient conditions. 

Consider the simple disc geometry shown in Figure A2 
as a donui-siaped sheet resistor. Equation A3 represents 
the electrical resistance between rl and r2, 


(A3) 


FIGURE A2 — Disc-Shaped Thermal Conductor 


using the first term of the appropriate power series 


expansion 
p f'2-Tl 
RxY— ( . (A4) 
m \ ro +17] 
Where: p = Resistivity; 
— | ° 
Pe 


o = Conductivity. 


Replacing the electrical terms with their thermal analogs 


we find: 
1 12-T] 
‘ei 
Kax \r12 +1] 


Note the inverse linear dependence of thermal resistance 
on the thickness of the conducting sheet. 

This model demonstrates a major factor in designing 
heat sink structures for stud type power transistors. All 
other factors being equal, the thickness of the thermally 
conducting plate is of prime importance in the solution of 
heat flow problems. | 7 _ 


AN-593 


BROADBAND LINEAR POWER AMPLIFIERS 
USING PUSH-PULL TRANSISTORS 


Prepared by 
Helge Granberg 
RF Circuits Engineering | 


INTRODUCTION 


Linear power amplifier operation, as used in SSB trans- 
mitters, places stringent distortion requirements on the 
high-power stages. To meet these distortion requirements 
and to attain higher power levels than can be generally 
achieved with a single transistor, a push-pull output con- 
figuration is often employed. Although parallel operation 
can often meet the power output demands, the push-pull 
_mode offers improved even-harmonic suppression making 
it the better choice. The exact amount of even-harmonic 
suppression available with push-pull stages is highly de- 
pendent on several factors, the most significant one being 
the matching between the two output devices. Neverthe- 
less, even in the worst case the suppression provided in push- 
pull designs is superior to that of single-ended circuits. 
Device matching however is not limited to push-pull circuits 
since it is also required to a ese degree in parallel tran- 
sistor designs. 

Two linear power saiptitt Assigns are to be discussed 
in this Application Note.. The 80 Watt design is intended 
for mobile communications systems operating froma 12.5 
V power sources. The other supplies 160 W when operated 
froma 28 V line and it is intended for fix location systems. 
Both designs cover the 3--30 MHz band and utilize a driver 
stage to provide a total power gain of about 30 dB. Each 
amplifier requires some amount of heat-sinking for proper 
operation. The 28 V amplifier requires a heat-sink with a 
thermal characteristic of 0.859C/W while the 12.5 V 
version uses a heat-sink witha 1.40°C/W thermal resistance. 
With these heat-sinks, cooling fans are not required for 
normal conditions, since with speech operation the average 
power is some. 15 dB below peak levels. However, if two- 
tone bench testing is to exceed more than a duration of 
afew minutes, a cooling fan should be provided. 

To assure ruggedness, engineering models of both ampli- 
fiers were subjected to open and short circuit output mis- 
matches for several minutes at full power levels without 
any apparent damage to any of the transistors. This is 
very important in most equipment designs to avoid possible 
downtime for transistor ead 


A 28 V, 160 W. AMPLIFIER | 


An amplifier which can supply 160. watts (PEP) into a 
50 Q load with IMD performance of -30 dB or better is 
shown in the schematic diagram of Figure 1 and potas 


in the design. These transistors are specified at 80 watts 


(PEP) output with intermodulation distortion products 
(IMD) rated at -30 dB. For broadband linear operation, 
a quiescent collector current of 60-80 mA for each tran- 
sistor should be provided. Higher quiescent current levels 
will reduce fifth order IMD products, but will have little 
effect on third order products except at lower power levels. 
Generally, third order distortion is much more significant 
than the fifth order products. 

A biasing adjustment is provided in the amplifier circuit 
to compensate for variations in transistor current gain. 
This adjustment allows control of the idling current for 
both the output and driver devices. This control is also 
useful if the amplifier is ee from a supply other 
than 28 volts. 

Even with the biasing Soak it is s strongly suggested 
that the output transistors be beta matched. As with any 
push-pull design, both dc current gain and power gain at a 
midband frequency should be matched within about 15- 
20%. This matching may require more stringent limits if 
broad-banding is necessary since broad-band operation re- 
quires more effective cancellation of even harmonics. In 
the engineering model used, the transistors were not per- 
fectly matched. Four “similar” pairs were selected froma 
total of ten randomly chosen 2N5942 transistors. Table I 
shows the measured harmonic suppression which is degrad- 
ed by the mismatch in the output transistor parameters. 
This data was taken with a single frequency test and 
80 watts average output. . 


TABLE | — HARMONIC SUPPRESSION OF 28 V AMPLIFIER 
AT FULL OUTPUT POWER 


A 2N6370 transistor is employed as a driver. This device 


is specified at -30 dB IMD when delivering 10 watts (PEP). 


However, at about 4.5 W (PEP) output, which is the maxi- 
mum necessary to drive two 2N5942 transistors, the IMD 
is typically better than -40 dB with Class B biasing. A 
quiescent collector current level of at least 10-15 mA pro- 
vides best IMD performance with the 2N6370. Higher 
current levels will not improve linearity, but will degrade 
driver efficiency. 
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C1 — 0.033 UF mylar 


C2, C3 — 0.01 WF mylar 

C4 — 620 pF dipped mica 

c5,C7, C16 — 0.1 MF ceramic 

C6 — 100 wF/15 V electrolytic 

C8 — 500 “F/6 V electrolytic 

C9, C10, C15, C22 — 1000 pF feed through 
C11, C12 — 0.01 pF 

C13, C14 — 0.015 uF mylar 

C17 — 10 wF/35 V electrolytic 

c18,C19, C21 — Two 0.068 UF mylarsin parallel 
C20 — 0.1 UF disc ceramic . 

C23 — 0.1 UF disc ceramic 

R1 — 220 £2, 1/4 W carbon 

R2 — 47 Q, 1/2 W carbon 

R3 — 820 2,1 W wire W 

R4—- 35 2,5 W wire W 

RS, R6 — Two 150 2&2, 1/2 W carbon in parallel 
R7, R8 — 10 92, 1/2 W carbon , 

R9, R17? —1k,1/2 W carbon 

R10 —1k,1/2 W potentiometer _ 

R12 —0.85 2 (65.1 Q or 43.3 2 1/4 W resistors in parallel, 
divided equally between both emitter leads) 


T1 — 4:1 Transformer, 6 turns, 2 twisted pairs of #26 AWG °~ 
enameled wire (8 twists per inch) 


T2 — 1:1 Balun, 6 turns, 2 twisted pairs of #24 AWG 
enameled wire (6 twists per inch) 


T3 .. Collector choke, 4 turns, 2 twisted pairs of #22 AWG 
enameled wire (6G twists per inch) 
T4— 1:4 Transformer Balun, A&B — 5 turns, 2 twisted pairs 


of #24, C — 8 turns, 1 twisted pair of #24 AWG enameled © 


wire (Ail windings 6 twists per inch). (T4 — Indiana 
General FG24-1901, — All others are indiana Generai 
F627 -8Q1 ferrite toroids or equivalent.) 


PARTS LIST 


L1— .33 wH, molded choke 

L2, L6, L7 — 10 WH, molded choke 
L3 — 1.8 wH (Ohmite 2-144) 

L4, L5 — 3 ferrite beads each. 

L8, LO — .22 WH, molded choke 


Q1 — 2N6370 
Q2, O3 — 2N5942 
Q4 — 2N5190 


Di — 1N4001 
D2 — 1N4997 


FIGURE 1 — 160 Watt (PEP) Broadband Linear Amplifier 


FIGURE 2 — Photo of 28 V Linear Amplifier 
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FIGURE 3 — Photo of Back Side of 
28 V Linear Amplifier 


J1, J2 — BNC connectors 
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Feedback : . 

To compensate for variations in output with changes in 
operating frequency, negative voltage feedback is employed 
on both the final amplifier and driver stages. At the low 
end of the desired frequency band, approximately 4.5 dB 
of feedback is introduced in the final stage and 15 dB in 
the driver stage. With this feedback and the feedback net- 
works shown in the schematic diagram, Figure 1, a total 
gain variation of 0.5 dB was measured on an engineering 
prototype amplifier over a 3-30 MHz range. The total gain 
differential in three identical amplifiers constructed for 
evaluation was less than 1.5 dB. 


Transformers Employed 


In order to achieve the desired broadband response, 
transmission line-type transformers were employed for 
coupling and signal-splitting. These transformers utilize 
twisted-pair windings and toroidal cores. Transformers Tl, 


Multiple Line transformers must be wound bifitarly, 
although not shown here’ ee 
NOTE: Pictures do not indicate actual number of turns. 


FIGURE 4 — Transformer Details for 28 V Linear Amplifier 


T2 and T3 have turnratios of 4:1, l:l and 1:4 respectively. 
Additional information on these transformers can be found 
in the references: A short description of each of the trans- 
formers will follow. ge = 


Transformer Tl provides an impedance transformation 
to match the 50 92 source to the low impedance level 
required at the base of Q1. This transformer consists of 
six turns of two twisted pairs wound on a toroidal core. 
The two pairs (four separate wires), are twisted together 
and the two wires from each original pair are soldered 
together at each end. Each pair thus connected is shown 
as a single wire in Figure 4. The pairs can easily be 
identified by choosing wires with two different colors 
of insulation. : 7 


Transformer T2 is als] Balun consisting of six turns of 
two-twisted pairs of wire (four wires total). As shown in. 
Figure 4 each of the pairs is treated as a single wire. 


MOTOROLA RF DEVICE DATA 


6-83 


AN-593, 


Transformer T3 consists of four turns of two twisted Amplifier Perfouiance 
pairs. Again both wires of each pair are soldered together 
at each end. : 


The data shown in the following curves was obtained 
oe from measurement performed on an engineering model of 
Transformer T4 is a 1:4 ratio unbalanced to balanced the 28 V 160 Watt (PEP) amplifier. 
unit with three separate windings. . 

A lumped-constant equivalent conventional transformer 
diagram of transformer T4 is shown in Figure 5. The two 
windings in a single twisted pair are indicated by similar 
capital and lower case letters (i.e. windings A anda). The 
output line of the balun is in the same direction as windings 
A and B while the erounded line is in the opposite direction 
from the winding it is connected to. Windings A, a, B and 
b consist of 5 turns of two twisted pairs while C and care 
formed from eight turns of a single pair. Connections are 
shown in Figure 4. The three windings are bifilar wound, 
although for simplicity the figures do not show this. 

Referring to Figure 5 the equivalent connection diagram 
of T4, it can be seen that the sum of the voltages across c 
and C should be equal to the voltage across windings DE. 
From this, winding cC (a twisted pair) should have twice 


IMD (db) 


; vue FIGURE 6 — IMD asa Function of Output Power 
as many turns as twisted pairs aA and. bB. Deviations of for 28 V Amplifier 


about 10-20% from the 2:1 ratio do not produce 
noticeable effects. 


200 W TT TT 


f = 30, 30.001 MHz 


160 W 


120 W 


Pout Max, (PEP) at |MD-30 dB 


Vec (VOLTS) 


FIGURE 7 — Output Power for -30 dB IMD 
asa Function of Vcc for 28 V Amplifier 


FIGURE 5 — Equivalent Lumped Element Form of T4. 


The ferrite core used for T4 in the parts list of Figure 1 
has a specified maximum flux density of about 100 gauss. 
The flux density may be computed from equation 1. 

Vx 108 


PINT aaa 


gauss | ~ . (1) 


where: 


V = RMS voltage across the winding = 89 

f = frequency in Hertz =3x 10° 
n = number of turns (windings Aa and Bb only. 
Windings Cc cancel each other) = 20 


' A =cross sectional area of Toroid in Cm2:= 0.25 
4.44.= 27 x 0.707 
therefore: 


IMD at Poyt = 160 W (PEP) 


89 x 108 
4.44 (3 x 10) 20 (.25) 
| Despite this slight overrating, this density is not exces- 
sive. ; 


Bmax = = 133 gauss 


Frequency (MHz) 


FIGURE 8 — IMD versus Frequency 
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FIGURE 9 — Power Gain versus 
Frequency 


Frequency (MHz) 


FIGURE 10 — Total Efficiency versus Frequency 


Frequency (MHz) 


FIGURE 11 — VSWR versus Frequency 
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AN 80 WATT (PEP) 12.5 — 13.6 V AMPLIFIER 

To complement the 28 Volt amplifier discussed pre- 
viously, a second amplifier designed for 12 V operation 
was constructed and evaluated. This amplifier is shown in 
Figures 12, 13 and 14. It utilizes a 2N6367 and a pair 
of 2N6368 transistors. The 2N6367 transistor is employed 
as a driver and is specified for up to 9 watts (PEP) out- 


‘put. In the amplifier design the driver must supply only 


5 watts (PEP) at 30 MHz with a resulting IMD perform- 
ance of about -37 to -38 dB. At lower operating 
frequencies, drive requirements drop to the 2-3 Watt (PEP) 
range and IMD performance improves to better than 40 dB. 
The 2N6367 data sheet suggests a quiescent collector cur- 
rent of 35 mA, but it was found that increasing this to 
40 mA yielded somewhat better linearity in broadband 
operation. . ; . 

Two 2N6368 transistors are employed in the final stage 
of the transmitter design in a push-pull configuration. 
These devices are rated at 40 Watts (PEP) and -30 dB 
maximum IMD, although -35 dB performance is more 
typical for narrow band operation. | | 


The 2N6368 data sheet suggests a quiescent collector . 


current level of 50 mA, but a level of 60 mA for each 
transistor was used in this design for improved linearity. 

Without frequency compensation, the completed ampli- 
fier can deliver 90 Watts (PEP) in the 25-30 MHz band 
with IMD performance down -30 dB. If only the power 
amplifier stage is frequency compensated, 95 Watts (PEP) 
can be obtained at 6-10 MHz. 


Gain Compensation 


Negative collector-to-base feedback is employed in both 
the driver and output stages for gain compensation. The 
feedback networks consist of: a) a de blocking capacitor, 
b) a series resistor, to limit the amount of feedback at the 
low frequencies and c) a series inductor with a parallel 


_ resistor to determine the feedback slope. 


In general, the use of negative feedback lowers the 


input impedance, and reduces the gain of the amplifier. 


~ However, it also improves the linearity since some of the 


output signal is fed back to the input and reamplified, 
“tending to cancel the distortion originally generated. This © 


is only true at the low frequencies where the phase errors 


are small. The phase error is caused by reactive elements: 


~ in the feedback path. Since the basis for the compensation 
is to introduce more feedback at low frequencies, it will 


also equalize the input impedance to some degree. This, 


in turn, should result in a lower. VSWR over the band. 
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The following two tables illustrate the affect of com- 
pensation on the final amplifier stage. This data was taken 
“with a 9:1 ratio transformer connected between 50 Q 


source and the input balun to the final stage. 


From this table it can be seen that efficiency is reduced 


by applying compensation. For this reason only 3 dB 
of compensation was utilized on the final stage. The driver 
stage, where efficiency is not of primary concern, was 
actually over compensated. This stage has a gain of 16 dB 
at 30 MHz but only 13 dB at 3 MHz. 
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O+ 
C1,C14, C18 — 0.1 uF ceramic. L1 — 0.22 ph molded choke 
C2,C7,C13, C20 —.0.001 UF feed through. L2,L7, L8 — 10 uth molded choke 
C3 — 100 LE /3Vv. L5, L6 - 0.15 wh 
C4, C6 — 0.033 UF mylar L3 — 25 t, #26 wire, wound ona 100 22, 2 W resistor. (1.0 wh) 
C5 — 0.0047 uF mylar. L4, LO — 3 ferrite beads each. 


C8,C9 — 0.015 and 0.033 uF mylars in paraliel. 
C10 — 470 pF mica. 

C11,C12 — 560 pF mica. 

C15 — 1000 nF/3.V 

C16,.C17 — 0.015 uF mylar 


T1-— 2 twisted pairs of #26 wire, 8 twists perinch. A=4 turns, 
B =8 turns. Core- -Stack pole 57-9322- 11, Indiana General 
F627-801 or equivalent 


; T2 — 2 twisted pairs of #24 wire,.8 twists Par inch, 6 turns. 
C19 — 10 pF 15 V : 
(Core as above. 
C21, C22 — two 0.068 LF mylars in parallel. ; : ) 
C23 — 330: pF mica T3 -— 2 twisted pairs of #20 wire, 6 twists per inch, 4 turns. 
C24 — 39 pF mica (Core as above.) . 
C25 — 680 pF mica . T4 — A and B = 2 twisted pairs of #24 wire, 8 twists per inch. 


C26 — .01 uF ceramic 5 turns each. C = 1 twisted pair of #24 wire, 8 turns. 


Core - - Stack pole 57-9074-11, Indiana General F624-19Q1 
or-equivalent. 


R1,R6,R7 — 10 22, 1/2 W carbon. 
R2 —51 9, 1/2 W carbon 
R3 — 240 2, 1wirew - Q1 — 2N6367 | 
R4,R5 — 18 92, 1W carbon : 
R8, R9 — 27 22,2 Wcarbon 
R10 — 33 2,6Wwirew D1 —4N4001 

D2 — 1N4997 J1,J2 — BNC connectors 


QO2, Q3 — 2N6368 


FIGURE 12 — Schematic Diagram of 12.5 V Amplifier 


FIGURE 13 — Photo of Top View of 


12.5 V Linear Amplifier FIGURE 14 — Photo of Bottom of 12.5 V 


Linear Amplifier 
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TABLE Il ~ PERFORMANCE OF 12.5 V OUTPUT STAGE WITH 
AND WITHOUT GAIN COMPENSATION 


“With Feedback 


50 2 
Unbalanced 


Balanced 


~ T4 


FIGURE 15 — Transformer Details for 
12.5 V Linear Amplifier 
(See Figure 4): 


Transformer T1 consists of two twisted pairs of wires 
which can be wound on either a single or two separate 
toroids. In the two core approach, both windings have an 
equal number of turns (four). Ifa single core is utilized, 
winding Aa uses four turns while winding Bb uses eight 
turns. These lines must be wound bifilar on the core. See 
Figure 15. The single core’ “approach was used in the 
engineering model. 


FIGURE 16 — Equivalent Lumped Element 
Form of T1 


A lumped-constant equivalent conventional transformer 
diagram of transformer T1 is shown in Figure 16. Exami- 
nation reveals that since winding B is directly in parallel 
with the series combination of aA, line Bb must have twice 
the number of turns as winding Aa. (The lower case and 
capital letters refer to the two wires in a given twisted- 
pair). As an example of the voltage relationships for the 
various windings in this transformer, an arbitrary 3 Vinput | 
has been shown in the Figure. It can be seen that the 
voltages generated across windings b and Bare out of phase 
and cancel each other. Therefore, the resulting output 
is 1 V(3 V-2 V). 

This transformer may be considered asa combination of 
a 4:1 ratio transformer (aA) and a 1:1 balun (bB), where 
the balun performs the voltage subtraction. 


Transformer T2 consists of two twisted pairs ona single 
core. Both wires of each pair are soldered together at each. 
end. See Figure 15. . 


| Transformer T3 also uses two twisted pairs wound on a: 
single core. Each pair is treated asa single wire by solder-. 
ing the two wires at each end. 


Transformer T4 uses three separate bifilar windings on 
a single core. Windings aA and bB are balanced while Ce 
is unbalanced. Both aA and bB utilize five turns and Ce. 
uses eight turns. This is the nearest whole number of turns 
possible to the desired ratio of 1:1.5 for winding Aa and 
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Bb to winding cC. Deviations of 10-20% of this ratio are -20/ 
allowable without noticeable effects. 
Figure 17 shows the lumped equivalent transformer of 


Veco =12.5 Vv 
f = 30, 30.001 MHz 


IMD (dB) 


fe) 20 40 60 80 100 
Pout (W) PEP 


FIGURE 18 — IMD asa Function of Output 
Power For Push-Pull Linear Amplifier 


FIGURE 17 — Equivalent Lumped Element Form of T4 


T4 and the ratio of voltages on the various windings if one 
volt is applied to the input. It can be seen that the voltage 
developed across c and C must equa! the voltage between 
points D and E on the diagram. Since windings A and b 
are paralleled and connected to the input, they see one 
volt. Thus the voltage from point Dto point E would be 
3 V (1 V from A and b plus | V from winding a plus | V 
trom winding B). Theretore, the output voltage is 3.0 volts 
and the voltage across winding c = -!.5 V and winding 
C=t5 V. 
When using twisted-pair transmission line transformers, FIGURE 19 — Maximum Output Power @ 
windings with four or more pairs should be avoided as: it -30 dB IMD versus Vcc for 12.5 V 
: oe : ' RSE or aa Power Amplifier 
is difficult to twist such lines uniformly. 
A second amplifier was evaluated with T4 replaced by 
a balun and an unsymmetrical 1:9 ratio transformer. Per- 


Pout Max (FEP) @ IMD — 30 dB 


Vcc (VOLTS) 


formance results were very similar to that obtained from 
the first version except that much more high frequency 
compensation was necessary. This was required because 
iis difficult to obtain the low characteristic impedance 
required for the balun. - For this reason capacitors C10, 
CLL, Cl 2 and C25 were unusually large in value. 


Performance 


Typical performance of the 12.5 volt linear amplifiers 
is provided in the following curves. A calibration curve 
for use to correlate low frequency readings on a power 
meter is also given in Figure 24. | 

The harmonic suppression measurements taken at full 
output power levels with a single tone test are illustrated 
in Table I]. This data suggests that a suitable low-pass 
filter between the amplifier output and the antenna will 


80 W (PEP) 


IMD @ Pout 


be required to meet harmonic suppression requirements. ae Frequency (MHz) 


This filter’s necessity is common to most broadband ampli- 
fier designs. — . - FIGURE 20 — IMD versus Frequency 
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Power Gain (dB) 


Collector Efficiency (%) 


1.0 


Vcc = 12.5 Vde 


Pout = 80 W PEP 


FIGURE 22 — Efficiency versus Frequency 


6.0 


nil Pout = 80 W PEP 


: 
P 


5.0 


4.0 


3.0 


ptt 
co 


af \]o ot ft | 


2.0 


FIGURE 23 — VSWR versus Frequency 


Frequency, MHz 


FIGURE 24 — Response of HP. 431-432 Power 
Meters at Low Frequencies . 


‘Transformer Data 


Aswith the 28 Vamplifier, transmission line type trans- 
formers are employed throughout the 12 V design. Al- 
though this type of transformer does not provide optimum 
impedance match, it is easy to duplicate for consistant 
performance results. A similar amplifier was constructed 
with a standard 2:1 ratio coupling transformer instead of 
the 1:1 ratio balun (T2). This amplifier featured a 40-60% 
improvement in VSWR at all frequencies while gain and 
IMD were basically unchanged from the performance of 
the model using transmission line type transformers. 

Splitting the compensating capacitor for transformer | 
T2 into three parts (C10, C11 and C12) will result in 
considerably lower IMD at higher frequencies. Capacitors 
Cll and C12 should be well matched and therefore should 
be either +5% or better tolerance fixed value units, or 
variable capacitors such as Arco 466 and 469. 

Two factors must be considered in the choice of toroidal 
core materials. The first is core losses. The second is the 
power handling capability which is limited by both mag- 
netic saturation and heat generation. . | 

For the input transformer (T1) core losses are of primary 
concern. For the material chosen in this design, a loss 
factor of 1-2 mW/cm? at 3 MHz is typical. This increases 
to 5-10 mW/cm3 at 30 MHz. For the size of core used in 
T1, a maximum core loss of 1.5-7.0 mW can be expected. 
While this figure seems negligible, it'is advantageous to 
use the smallest practical sized core for the input trans- 
former consistent with the wire size and required number 
of turns. 

Conversely the core of the output transformer (T4) 
should be as large as possible to be able to handle the — 
required power levels and remain in the linear operating 
region of the materials’ B-H curve. If the core is operated 
near the saturation region of the core material, distortion 
will be generated on the carrier and envelope. This satura- 
tion occurs first at low frequencies. However, core heating 
due to losses is most prevalent at higher frequencies, being 
a function of flux density and operating frequency. The 
maximum recommended flux density for a 1/2" O.D. toroid 
(such as Indiana General F627-8 or Stackpole 57-9322), 
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is 45 to 70 gauss. From the B-H curves it can be seen that 
this is well into the linear region. 

For the 12-volt amplifier, a flux density of roughly 
180 gauss would be required for a 1/2’ O.D. core. Use 
of a larger core reduces ihe density to aboui i30 gauss. 
As alae in ihe 28 V amipilificr scction, although tiiis is iti 
OG gauss limit suggested for the particular 
core type, it was not found to be excessive. in fact, some 
of the 1/2” O.D. toroids were tested at three to four times 
the maximum recommended flux density, and then com- 
pared to a larger toroid of the same material. The distortion 
in each core was small enough not to be noticed in an 
oscilloscope. However, there was some amount of heat 
generated in the smaii toroid at the high frequencies. Exces- 
sive heating is the primary problem that one should be 
first concerned about. 


awnaad 


As a rule of thumb, the required minimum transformer 
inductance can be determined to have at least 4-5 times 
the reactance of the high impedance port at the lowest 
operating frequency. This means that for T4, the reactance 
would be 250 ohms, which corresponds to roughly 14 gH 
at 3 MHz 

, Employing a different wire size or wire with ¢ a different 
thickness of dielectric or changing the number of twists 
per inch will alter the line impedance.. However, this is 
one of the least critical points in the design of broadband 
linear amplifiers and will mainly affect the amount of 
high frequency compensation required. The variations in 
the transistor input and output impedance over a decade 
frequency range are several times larger than the changes 
in transformer impedance due to wire sizes or twist vari- 
ations. Although compromises in matching are necessary 
to tune the wide frequency range, they are most serious 
in the output stage where a mismatch can significantly 
degrade total linearity. . 

The maximum theoretical linear output powers for 
the 28 V and 12.5 V amplifiers would be 120 W and 50 W 
respectively, when 4: J and 9: 1 output transformers are 
employed. 

However, due to stray inductances in the circuit, and 
line impedances usually being higher than optimum, the 
actual. impedance, ratios of the transformers will be 
somewhat higher. 

Thus, if the phase and even harmonic distortions are 
minimized it is possible to obtain higher power levels with 
fairly low IMD readings despite slight flat- ‘topping of the 
envelope. 


Construction Notes (12.5 V version) 


The circuit board for both amplifier designs is made of 
two-sided copper-fiberglass laminate. A full sized pattern 
is given in Figures 25 and 26. The ground planes on each 
side are connected together at several points with the feed- 
through capacitors, the BNC connectors and the mounting 
screws. From experience with an earlier broadband ampli- 
fier, it was learned that a good ground plane is extremely 
important because of the high currents and low impedance 
levels involved. The power supply Eupecence must be as 
low as possible. ; 


The ac impedance of the supply should not be higher 
than 0.01 ohm at the lowest envelope frequency. 

All de connections are made on the back side of the 
board which is meparated from the heat sink by 3/32 inches. 


Wine rnaictanro f Din) 


The base bias resistors (R3, INLU), aiid ail by /-pass capac tors, 


except the feed-throughs, are on the back side of the 

board in each end of the heat ant. Diode D2 is press 
fitted into the heat sink for temperature compensation 
of the quiescent collector currents of the 2N6368 tran- 
sistors. Ceramic capacitors have been avoided, except 
for certain by-pass applications, because they have spurious 
resonances and, their capacitance values are voltage and 
temperature sensitive. Parallel capacitors are employed to 
increase the current carrying capability and to decrease 
the possibility of self resonances. The peak RF current in 


FIGURE 25 — ttom PC Board Pattern 


q LINEAR AMPLIFIER 


FIGURE 26 — Top Side of PC. Board 


TABLE II1 - HARMONIC SUPPRESSION versus FREQUENCY 
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the output transformer primary is / 80 W = 3.54A. Half 
— 6.25 Q 


of this is supplied by each 2N6368. Thus, the collector 


isolation capacitors will have to handle 1.77A peak and 
1.26A average currents. Even the lead sizes in most ca- 
pacitors are insufficient for these current levels. In general, 
the low impedances involved in a 12.5 volt amplifier of 
this. power level make the layout, construction and com- 
ponent selection somewhat critical compared to a higher 
voltage unit. 


CONSTRUCTION NOTES (28 V version) 


The 28 volt unit is less critical than the 12.5 V ampli- 
fier as far as the physical circuit lay-out is concerned. How- 
ever, the same precautions should be taken in grounding 
the by-pass capacitors and the transformer high frequency- 
compensation capacitors. It is recommended that variable 
capacitors, such as the ARCO 460 line be used initially 
for the compensating capacitors. Then. after establishing 
satisfactory operation of the unit, they can be changed to 
fixed value capacitors. | 


IMPROVED PERFORMANCE ~ 

Since the original work on these amplifiers, device im- 
provements have been made. Both IMD and load. mis- 
match ruggedness characteristics can be enhanced by sub- 
stituting the MRF463 or MRF464 for the 2N5942 in the 
28-Volt amplifier. The MRF460 is-recommended for up- 
grading the 12-Volt amplifier using the 2N6368. Neither 
of these new devices require circuit modifications for 
optimum operation. 
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IMPEDANCE MATCHING NETWORKS 


APPLIED Te 


Prepared by: 
B. Becciolini 


INTRODUCTION 


Some graphic and numerical methods of imped- 
ance matching will be reviewed here. The examples 
given will refer to high frequency power amplifiers. 

Although matching networks normally take the 
form of filters and therefore are also useful to 
provide frequency discrimination, this aspect will 
only be considered as a corollary of the matehing 
circuit. 

Matching is necessary for the best possible energy 
transfer from stage to stage. In RF-power transistors 
the input impedance is of low value, decreasing as 
the power increases, or as the chip size becomes 
larger. This impedance must be matched either to a 
generator — of generally 50 ohms internal impedance 


far 
Impedance transform 


ation ratios of 10 or even 20 are not rare. Interstage 
maiching has to be made between two complex 
impedances, which makes the design still more diffi- 
cult, especially if matching must be accomplished 
over a wide frequency band. 


— ar to a nrecedina stanea 
Or TO a preceding stage. 


2. DEVICE PARAMETERS 
2.1 INPUT IMPEDANCE 


The general shape of the input impedance of RF- 
power transistors is as shown in Figure 1. It is a large 
signal parameter, expressed here by the parallel 


combination of a resistance Ro and a reactance Xp 
(Ref. 


(1)). 


Fig. 1 — Input impedance of RF—power transistors as 
a function of frequency 


The equivalent circuit shown in Figure 2 accounts 
for the behaviour illustrated in Figure 1. 


0 RF POW 


ORS 


With the presently used stripline or flange pack- 
aging, most of the power devices for VHF low band 
will have their Rp. and Xp values below the series 
resonant point fs. The input impedance will be 
essentially capacitive. 


Where: 


Re = emitter diffusion resistance 


Coe Cre = diffusion and transi- 


tion capacitances of 


‘the emitter junction 


Rept = base spreading resistance 


Co = package capacitance 


be = base lead inductance 


Fig. 2 — Equivalent circuit for the input impedance of 
| Ai —power transistors | 


Most.of the VHF high band transistors will have 
the series resonant frequency within their operating 
range, .e. be purely resistive at one single trequency 
fs, while the parallel resonant frequency fp will be 
outside. 

Parameters for one or two gigahertz transistors will 
be beyond fs and approach fp. They show a high 
value of Rp and Xp with inductive character. 

A parameter that is very often used to judge on the 
broadband capabilities of a device is the input Q or 
Qin, defined simply as the ratio Rp/Xp. Practically 
QIN ranges around 1 or less for VHF devices and 
around 5 or more for microwave transistors. 

QjN is.an important parameter to consider for 
broadband matching. Matching networks normally 
are low-pass or pseudo low-pass filters. If Qin is 
high, it can be necessary to use band-pass filter type 
matching networks and to allow insertion losses. But 
broadband matching is still possible. This will be 
discussed later. 


2.2. OUTPUT IMPEDANCE 


The output impedance of the RF-power transis- 
tors, as given by all manufacturers’ data sheets, 
generally consists of only a capacitance CQyuT. The 
internal resistance of the transistor is supposed to be 
much higher than the load and is normally neglected. 
In the case of a relatively low internal resistance, the 
efficiency of the device would decrease by the factor: 


R 
L/ BT 
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where R is the load resistance, seen at the collector- 
emitter terminals, and R7 the internal transistor 
resistance equal to: 
| ee 
. C ‘ 
Mr (Cro, DC ) 
defined as a small signal parameter, where: 
= transit angular frequency 


Cle +C_ = transition and diffusion capacitances 
at the collector junction — 


The output capacitance COQuT, which is a large 
signal parameter, is related to the small signal para- 

meter Ccp, the collector- base transistion capa- 
citance. 
_. Since a junction Capacitance varies with. the 
applied voltage, COUT differs from C¢p in that it has 
to be averaged over the total voltage swing. For an 
-abrupt junction and assuming certain simplifications, 
Cout = 2 Ccp. 

Figure 3 shows the variation of COUT with 
frequency. CQyT decreases partly due to the 
presence of the collector lead inductance, but mainly 
because of the fact that the base-emitter diode does 
not shut off anymore when the operating frequency 
approaches the transit frequency fr. 


Fig. 3 — Output capacitance CoyT as a function 


of frequency 


3. OUTPUT LOAD” 


In the absence of a more precise indication, the 
output load Ry is taken equal to: 


[| VCcc—VCE (sat) 7 

L 2 Pout 
with VCE (sat) equal to 2 or 3 volts, increasing with 
frequency. 

The above equation just expresses a well-known 
relation, but also shows that the load, in first approx- 
imation, is not related to the device, except for VCE 
(sat). The load value is primarily dictated by the 
required output power and the peak voltage; it is not 
matched to the output impedance of the device. 


R 


At higher frequencies this approximation becomes 
less exact and for microwave devices the load that 
must be presented to the device is indicated on the 
data sheet. This parameter will be measured on all 
Motorola RF-power devices in the future. 


Strictly speaking, impedance matching is accom- 
plished only at the input. Interstage and load 
matching are more impedance transformations of the 
device input impedance and of the load into a value 
R (sometimes with additional reactive component) 
that depends essentially on: the power demanded and 
the supply voltage. 


4. MATCHING NETWORKS 


In the following, matching networks will be 
described by order of. complexity. These are ladder 
type reactance. networks. _ 

The different reactance values will be calculated 
and determined graphically. Increasing the number 
of reactances broadens the bandwidth. However, 
networks consisting of more than four reactances are 
rare. Above four reactances, the improvement Is 
small. 


4.1 NUMERICAL DESIGN 


4.1.1 Two-Resistance Networks 


Resistance terminations will first be considered. 
Figure 4 shows the reactive L-section and the 
terminations to be matched. © 


Fig. 4 — .Two-—Reactance. Matching Network. 


_ Matching or exact transformation from R2- into Ry 
occurs at a single frequency fo. 


At Fr 4 and Xo are equal to: 
xX, =+R i - =R a 
1 14 R,—R, 1VYn—1 
—_ _ Va 
X, =F Ro (Ry — RA) = R, 7 
At fo: X4 Xo = R, R5 


X1 and X2 must be of opposite sign. The shunt 
reactance is in parallel with the larger resistance. 


The frequency response of the L-section is shown 
in Figure 5, where the: normalized current is plotted. 
as a function of the normalized frequency. 


If X71 is capacitive and consequently X> inductive, 
then: 
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The normalized current absolute value is equal to: 


_ ain) 
O 'o 


+ (n+ 1) 


where i = and ts plotted in Figure 5 (Ref. (2) ). 


4 
5. 
HELENS 
PT TT tT TT TT OS, 
PET TL] TT ty 


05 07 09.11.17 4.3 15: 


f/f, low-pass — f/f high—pass 


Fig. 5 — Normalized frequency response for the 
‘L—section in low-pass or high—nass form 


_ If Xq is inductive and consequently X9 capacitive, 
the only change required is a repacement of f by fo 
and vice-versa. The L-section has low pass form in 
the first case and high-pass form in the second case. 


The Q of the circuit at fy is equal to: 


For a given transformation ratio n, there is only one 
possible value of Q. On the other hand, there are two 
symmetrical solutions for the network, that can be 
either a low-pass filter or a high- pass filter. 

The frequency f, does not need to be the center 
frequency, fy 4 fo, of the desired band limited a Py fy 


and fo. 2 


In fact, as can be seen from the low-pass con- 
figuration of Figure 5, it may be interesting to shift fo 
toward the high band edge frequency fo to obtain a 
2 (f + f >) 


ea# 


larger bandwidth w, where w = 


This will, however, be at the expense of poorer 
harmonic rejection. 


Example: 
For a transformation ratio n = 4, it can be deter- 
mined from the above relations: 


Bandwidth w — ~ 0.1 0.3 
Max insertion losses 0.025 0.2 
X4/R1- 1.730 1.712 


If the terminations R41 and R92 have a reactive com- 
ponent X, the latter may be taken as part of the 
external reactance as shown in Figure 6. 


This compensation is applicable as long as 


XINT Ry 


9 INT 


Tables giving reactance values can be found in 
Ref. (3) and (4). 


4.1.1.1 Use of transmission lines and inductors 


In the preceding section, the inductance was 
expected to be realized by a lumped element. A 


‘transmission line can be used instead (Fig 7). 


Fig. 7 — Use of a transmission line in the L—section 


As can be seen from the computed selectivity 
curves (Fig. 8) for the two configurations, trans- 
mission lines result in a larger bandwidth. The gain is 
important for a transmission line. having a length 
L=X/4 (@=90°) anda characteristic impedance 


Zo-\ Ry. Ro. it is not significant for lines short 
with respect to 4/4. One will notice that there is an 
infinity of solutions, one for each value of C, when 


using transmission lines. 


4.1.2 Three-reactance matching networks 


The networks which will be investigated are shown 
in Figure 9. They are made. of three reactances 
alternatively connected in series and shunt. 
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A three-reactances configuration allows to make Network (a): 

the quality factor © of the circuit and the transform- - X oy = R_/Q Qmust be first selected 
ation ratio n = a independent of each other and ROR 
1 | | } 1 ‘2 

consequently to choose the selectivity between | Xog = Ry 2 Ry 
certain limits. (0 +1) ——— 

For narrow band designs, one can use the . R2 
following formulas (Ref. (5) AN-267, where tables are OR, + (RRo/X oo) 
given): xX) = SE 


oO +1 


TTL ETL IIL 
SE aA 


Transformation ratio n = 10 


Fig. 8 — Bandwidth of the L—section for -n. = 10 
: | fa) with lumped constants . 
~ (b) with a transmission line (%/4) 
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1 ] cq 2 Ro > Ry 
Fig. 9 ~— Three—reactance matching networks 


Network (b) Q must first be selected 
Xi = R,O 
X = RB A = R. (140°) 
L2 2 1 _ 
_ : A B = —_ 1 
*c1 ~ OF8 Ro 
Network (c) | | 
X =OR O must first be selected ~ 
L1 4 _ 
R (1407) 
Xoo ~ A-Ro A= 5 ~1 
. 2 
B 
Xo1 7 O-A B= R,.(14#07) 


The network which yields the most practical com- 
ponent values, should be selected for a given 
application. | 

The three-reactance networks can be thought of 


as being formed of a L-section (two reactances) and _ 
L-section | 


of a compensation reactance. The 
essentially performs the impedance transformation, 
while the additional reactance compensates for the 
reactive part of the transformed impedance over a 
certain frequency band. 

Figure 10 shows a representation in the Z-plane of 
the circuit of Figure 9 (a) split into two parts 
Ry-C 1-L1 and Co9-R2. 

Exact transformation from R4 into Rg cccurs at the 
points of intersection M and N. Impedances are then 
conjugate or Z’= R’+ jX’ and Z’= R" + jX” with R’=R” 
and X’=—X". 

The only possible solution is ; obtained when X’ and 


-X"" are tangential to each other. For the dashed ~ 


curve, representing another value of Ly or Cy, a 
wider frequency band could be expected at the 
expense of scme ripple inside the band. However, 


this can only be reached with four reactances as will » 


be shown in section 4.1.3. 


simultaneously obtain the 
' frequency on both curves from M’ to point N’. 


With a three-reactance configuration, there are not 
enough degrees of freedom to permit X'=—X’" and 
same variation of 


Fig. 


10 — 2-plane representation of the circuit of Fig. 9 (a) 


only be 


Exact transformation can, 
obtained at one frequency. 
The values of the three reactances can be calcu- 


um” , uu Xl dx” 
x /R = R” and & — GR: 


therefore, 


lated by making xX’ = . 


The general solution of these equations leads to 
complicated calculations. Therefore, computed 
tables should be. used. 

One will note on Figure 10 that the compensation 
reactance contributes somewhat to impedance 
transformation, i.e. R’ varies when going from M to 
R92. . 

The circuit of Figure 9 (b) is dual with respect to 


the first one and gives exactly the same results in a 


Y-plane representation. 

Circuit of Figure 9 (c) is somewhat different since 
only one intersection M exists as shown in Figure 11. 
Narrower frequency bands must be expected from 
this configuration. The widest band is obtained for 
Cy = 0. 

Again, if one of the terminations has a reactive 
component, the latter can be taken as a part of the 
matching network, provided it is not too large (see 
Fig. 6). 
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Fig. 11 — Y—plane representation of the circuit of fig. 9 fc} 


4.1.3 Four-reactance networks 


Four-reactance networks are used essentially for 
broadband matching. The networks which will be 
considered in the following consist of two two- 
reactance sections in cascade. Some networks have 
pseudo low-pass filter character, others band-pass 
filter character. In principle, the former show 
narrower bandwidth since they extend the 
impedance transformation to very low frequencies 
unnecessarily, while the latter insure good matching 
over a wide frequency band around the center 
frequency only (see Fig. 14). 


Fig. 12 — Four-reactance networks 


The two-reactance sections used in above 
networks have either transformation properties or 
compensation properties. Impedance transformation 
is obtained with one series reactance and one shunt 
reactance. Compensation is made with both 


reactances in series or in shunt. - 
If two cascaded transformation networks are used, 
transformation is accomplished partly by each one. 
With four-reactance networks there are two 
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frequencies. f; and fo, at which the transformation 
from Rj into Rg is exact. These frequencies may also 
coincide. 

For network (b) for instance, at point M, R41 or Ro 
is transformed into. /R7R2 when both frequencies 
fall together. At all points (mM), 2,1 and Z9 are. 


conjugate if the transformation is exact. 


In the case of Figure 12 (b) the reactances are 
easily calculated for equal frequencies: 


X= "4 x = R. n= 1 

"Ani 2% YP YX yy oR oR =x x 
= ra ny'g “a3 

OR, OR, 

X = eee , XE Vn —1 

3 nin-1) 4° | 


‘For network (a) normally, at point (M), 2 and 29 


_are complex. This pseudo low-pass filter has been 


computed elsewhere (Ref. (3)). Many tables can be 
found in the literature for networks of four and more 
reactances having Tchebyscheff character or maxi- 
mally-flat response (Ref. (3), (4) and (6)). 

Figure 13 shows the transformation path from R4 
to Ro for networks (a) and (b) on a Smith-Chart (refer 
also to section 4.2, Graphic Design). | 

Case (a) has been calculated using tables 
mentioned in Ref. (4). oe 

Case (b) has been obtained from the relationship 
given above for Xj... Xq. Both apply to a trans- 
formation ratio equal to 10 and for Ry y= 1. 


normalised imp. 


0.28 + j0.45 
2 normalised adm. 


(1 — j1.6) 
Q, 0.1 + j0.16/— : 
{2.8 —.j4.5) 


a, 0.1 + jOrra7yyA 
10.316 -[j4.65)h,. 


7 


a 
aa ‘ w 
0.1 
“ 
* 1 


\ 
0.28 — j0.14\%_ 
(28 + j1.4) © . 
. (b) 


a’ 0,316 — j0.465 
2 (1+ 51.47) 


R= 1 
Ro= 0.1 
x'g = 0218 
59° By = 147 Big = 468 
=0.160° X>= 0465 Xx’, 


Q, =16= Qs Q'"; = Q's = 1.47 


= 0.169 (b) x‘, = 0.68 


= 0.147 


Xo . Xq 


ig. 13° — Transformation paths. for networks (a} and (b) 


AN-721 


There is no simple relationship for X’1.. . . X'q of From Figure 15 it can be seen that network (a) is 
network (b) if f; is made different from fo for larger more sensitve to Ry changes than network (b). 
bandwidth. | As mentioned earlier, the four-reactance network ° 

igure 14 shows the respective bandwidths of net- can also be thought of as two cascaded two- 


. ¢ . \. 
OTK { (a) and (D)- for the circuits shown in Figure 13. reactance sections; one used for transformation, the 
other for compensation. Fiqure 16 shows commonly 
used compensation networks, together with the 


associated L-section. 


The circuit of Figure 16 (a) can be compared to the 
three-reactance network shown in Figure 9 (c). The 
difference is that capacitor Co of that circuit has been 
replaced by a L-C circuit. The resulting improvement 
may be seen by comparing Figure 17 with Figure 11. 


| | tt 
FEEEEACP Ne 


| | | 
| 
| 
AEE EM st ARE 


compensation network 


Fig. 14 °—: Selectivity curves for networks (a) and 
(b) of Fig. 13 


lf the terminations contain a reactive component, 
the computed values for X41 or Xq | may be adjusted to 
compensate for this. 

For configuration | (a), it can be seen from Figure 
13, that in the considered case the Q's are equal to 
1.6. 

For configuration {b) Q’7, which is equal to Q'2, 
fixed for each transformation ratio. 


The maximum value of reactance that the termin- 
~ations may have for use in this configuration can be 
determined from the above values of Q’. | | 
lf R1 is the load resistance of a transistor, the vite ley! 
internal transistor resistance may not be equal to Rj. 
In this case the selectivity curve will be different from 
the curves given in Figure 14. Figure 15 shows the 
selectivity for networks (a) and (b) when the source a R 


” " “spe - 2 Mo, 
+jB" = + iGAC,— 
resistance Ry is infinite. a ; RZ + ue Lf 2 RS ; 


‘HOI, ~1/0C,) 
a ae 
RP OL /uc,)? RY + (wL,-1/WC,)? 


ZN 
eaeen haan 


1.3 1.5 
15 — Selectivity curves for networks .(a). and. {b) . 


Fig. 17 -- Y—plane representation of the circuit of Fig. 16 (a) 


of Fig: 13 with infinite Ry 
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By adding one reactance, exact impedance trans- 
formation is achieved at two frequencies. It is now 
possible to choose component values such that the 
point of intersection M’ 
frequency f, on both curves and simultaneously that 


_N’ occurs at the same frequency f2 on both curves. 


Among the infinite number of possible intersections, 
only one allows: to achieve this. 


When M’ and N" coincide in M, the new dX" dX” 
condition df df. 
can be added to the condition X' = —X" (for three- 
networks) and similarly R’=R” and. dR’ _ dR”. 

| df df 


If f; is made different from fz, a larger bandwidth — 


can be achieved at the expense of some ripple inside 
the band. 

Again; a general-solution of the above equations 
leads to still! more complicated calculations than in 
‘the case of three-reactance networks. Therefore, 
tables are preferable (Ref. (3), (4) and (6)). 

The circuit of Figure 16 (b) is dual of the circuit of 


of Figure 14 (a) and does not need to be treated. 


separately. It gives exactly the same results in the 
Z-plane. Figure 16 (c) shows a higher order compen- 
sation requiring: six reactive elements. 

The above discussed matching ~— networks 
employing compensation circuits result in narrower 
bandwidths than the former solutions (see para- 
graph 4.1.3) using two transformation sections. A 
matching with higher order compensation such as in 


Figure 16 (c) is not recommended. Better use can be | 


made of the large number of reactive elements using 
them all for transformation. 

When the above configurations are realized using 
short portions of transmission lines, the equations or 
the usual tables no longer apply. The calculations 
must be carried out on a computer, due to the 
complexity. However, a graphic method can be used 
(see next section) which will consist essentially in 
tracing a transformation path on the Z-Y-chart using 
the computed lumped element values and replacing 


it by the closest path obtained with distributed con-_ 


stants. The bandwidth change is not significant as 
long as short portions of lines are used (Ref. (13)). 


4.1.4 Matching networks using quarter-wave 
transformers 


At sufficiently high frequencies, where 4 /4-long 
lines of practical size can be realized, broadband 
transformation can easily be accomplished by the 
use of one or more \/4-sections. 


Figure 18 summarizes the main relations for (a) 


one-section and (b) two-section transformation. 


occurs at the same. 


Z, = 
4 


Z = VR, RS 
2 = 1 RQ 
at A, R= VA, Ap 


Fig. 18 — Transformation networks using a ‘ong 
transmission lines ° 


A compensation network can be realized using 
a X./2-long transmission line. 

Figures 19 and 20 show the selectivity curves for 
different transformation ratios and section numbers. 


Xo Ir 
ig. 19 — Selectivity curves for two A/g- ‘section networks 
at different transformation ratios 


Fig. 20 — Selectivity curves for one, two and three 
\/4—sections 


Exponential lines 


Exponential lines have largely frequency indepen- 
dent transformation properties. 

The characteristic impedance of such lines varies 
exponentially with their length |: 

k | 
Z=Z..e 
Oo 

where -k is a constant, 
but these properties are preserved only if k is’ small. 
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4.1.5 Broadband matching using band-pass filter 
type networks. High QO case. 


The above circuits are applicable to devices having 
low innut or outout O, if broadband matching is 
required. Generally, if the impedances to be matched 
can be represented for instance by a resistor R in 


VG rou easily 


series with an inductor L (sometimes a capacitor C) 
within the band of interest and if L is sufficiently low, 


WVTLETPEE LEI arabes We Pe Wee Gi be 


the latter can be incorporated into the first inductor 
of the matching network. This is also valid if the 
representation consists of a shunt combination of a 
resistor and a reactance 

Practically this is feasible for Q's around one or 
two. For higher Q's or for input impedances 
consisting of a series or parallel resonant circuit (see 
Fig. 2), as it appears to be for large bandwidths, a 
different treatment must be followed. 

Let us first recall that, as shown by Bode and Fano 
(Ref. (7) and (8)), limitations exist on the impedance 
matching of a complex load. In the example of Figure 
21, the load to be matched consists of a capacitor C 
and a resistor R in shunt. 


Matching 


Network 


(lossless) 


Fig. 21 - General matching conditions 


The reflection coefficient between transformed 
load and generator is equal to: 


I’ = 0, perfect matching, 


T = 1, total reflection. 


The ratio of reflected to incident power is: 


The fundamental limitation on the matching takes 
the form: 


Bode equation 
W=O | 

and is represented in Figure 22. 

The meaning of Bode equation is that_the area S 
under the curve cannot be greater than acand there- 
fore, if matching is required over a_ certain 
bandwidth, this can only be done at the expense of 
less power transfer within the band. Thus, power 


| G.. a) | 
| Fig. 22 — Representation of Bode equation | 
transfer and bandwidth appear as interchangeable 
quantities. 

It is evident that the best utilization of the area S is 
obtained over the 
desired band we and made equal to | Over the rest of 


Learnt 


te 
iS Kept 


RaAmntant 


h | 
/ en|r constant 


winen 


the spectrum. Then|T| = e ; @.RC within the band 


and no power transfer happens outside. 


A network fulfilling this requirement cannot be 
obtained in practice as an infinite number of reactive 
elements would be necessary. 

If the attenuation a is plotted versus the frequency 
for practical cases, one may expect to have curves 
like the ones shown in Figure 23 for a low-pass filter 
having Tchebyscheff character. 


Fig. 23 — Attenuation versus angular frequency for 
different bandwidths with same load 


For a given complex load, an extension of the 
bandwidth from wy to wg, is possible only with a 
simultaneous increase of the attenuation. a. This is 
especially noticeable for Q’s exceeding one or two 
(see Figure 24). 

Thus, devices having: relatively high input Q’s are 
useable for broadband operation, provided the 
consequent higher attenuation - or reflection intro- 
duced is acceptable. 

The general shape of the average insertion losses 
or attenuation a (neglecting the ripple) of a low-pass 
impedance matching. network is represented in 
Figure 24 as a function of 1/Q for different numbers 
of network elements n (ref. (3)). 


1 1/0 


Fig. 24 — Insertion losses as a function of 1/Q 
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For a given Q and given ripple, the attenuation 
decreases if the number n of the network elements 
increases. But above n = 4, the improvement is 
small. . 

For a given attenuation a and bandwidth, 
larger n the smaller the ripple. 

For a given attenuation and ripple, the larger n the 
larger the bandwidth. . 

Computations show that for Q <1 andn «3 the 
attenuation is below 0.1 db approximately. The 
impedance transformation ratio is not free here. The 
network is a true low-pass filter. For a given load, the 
optimum generator impedance will result from the 
computation. 

Before impedance transformation is introduced, a 
conversion of the low- pass prototype into. a 
band-pass filter type network must be made. Figure 
25 summarizes the main relations for this conversion. 


the 


Band—pass 


QIN max = 


Qin max = Cg = 
etc. 


Fig. 25 — Conversion from low—pass into band—pass filter 


r is the conversion factor. - 

For the band-pass filter, Qy)y max or the maximum 
possible input Q of a device to be matched, has been 
increased by the factor r (from Figure 25, Q’ 
= r-QiN max). 

Impedance inverters will be used for impedance 
transformation. These networks are suitable for 
insertion into a band-pass filter without affecting the 
transmission characteristics. 


Figure 26 shows four impedance inverters. It will. 


be noticed that one of the reactances is negative and 
must be combined in the band- pass network with a 
reactance of at least equal positive value. Insertion of 


the inverter can be made at any convenient place 


(Ref. (3) and (9)).. 


When using the band- pass filter for matching the : 


input impedance of a transistor, reactances L’; C’y 
should be made .to resonate at Wo by addition of a 
convenient series reactance. 

_ As stated above, the series combination of Ro, L"y 
and C’; normally constitutes the equivalent input 


network of a transistor when considered over a large 


bandwidth. This is a good approximation up to about 
500 MHz. 


IN max. 


Inverter Equivalent, -to: 


b) im Late 


LU—t/n) L(4/n2-1/n) 


Fig 26 — ‘Impedance inverters 


In practice the normal procedure for using a band- 
pass filter type matching network will be the 
following: ; 


(1) For a given bandwidth, center frequency and 
input impedance of a device to be matched e.g. 
tc 50 ohms, first determine Q)n)’ from the data 


sheet as after having eventually added a 


O 
series reactor for centering, 


(2) Convert the equivalent circuit Roly ' Cy’ into a 
low-pass prototype Ro Lj and calculate Oyj 
using the formulas of Figure 25, 


(3) Determine the other reactance values from 
tables (Ref. (3)) for the desired bandwidth, 


(4) Convert the element values found by ‘step (3) 
into series or parallel resonant circuit para- 
meters, 


(5) Insert the impedance inverter in any convenient 
place. 


In the above discussions, the gain roll-off has not 
been taken into account. This is of normal use for 
moderate bandwidths (30%- for ex.). However, 
several. methods can be employed to obtain a 
constant gain within the band despite the intrinsic 
gain decrease of a transistor with frequency. 

Tables have been computed elsewhere (Ref. (10)). 
for matching networks approximating 6 db/octave 


_ attenuation versus frequency. 


Another method consists in using the above 
mentioned network and then to add a. compensation | 
circuit as shown for example in Figure 27. 
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R= Ziq = constant vs. f. 


| 
| 
i ¢ mo 
ZR 
b> | W2 = ityC, = iinC, 
i. { 
VG aed | | (high band edge) 
| 
Q = 
2 
| WECyR 


| 


| Fig. 27 ~ Roil—off compensation network | 


Resonance wh is placed at the high edge of the 
frequency band. Choosing QO correctly, roll-off can be 
made 6 db/octave. 


The response of the circuit shown in ‘Figure 27 is 
expressed by: 


1 
5 & OQ» "where wow, 
1+ Q° (— —T) 
ads 
This must be equal to 2 = ~ for 6db/octave compen- 
sation. aa 


At the other band edge a, exact compensation can 
be obtained if: GQ 


b 2 
(——) -—1 
O. 

a-—— Ww 
a b 2 
oo! 
b . a 


4.1.6 Line Transformers 


The broadband properties of line transformers 
make them very useful in the design of broadband 
impedance matching networks (Ref. (117) and (12)). 

A very common form is shown by Figure 28. This is 
a 4:1 impedance transformer. Other transformation 
ratios like 9: 1 or 16: 1 are also often used but will 

not be considered here. 


Fig. 28 — 4:7 line transformer 


‘ 7 LL 
the length of 


The high frequency cut-off is determined by the 
length of line which is usually chosen smaller than 
A min/8. Short lines extend the high frequency 
performance. 

The low frequency cut-off is determined first by 


at he :z et fi, asa efi al. 
‘ His extenginc tic 


1 
ir rea. es es 
ins, iV 


wii 


frequency performance of the transformer. Low 


LE males beenee eran eeart beep op beleeb Ae res 
frequency CUL-OTT iS aiSo Wwiproved DY a high Ove 


mode impedance, which can be achieved by the use 
of ferrite material. With matched ends, no power is 


coupled through the ferrite which cannot saturate. 


For matched impedances, 
attenuation a of the 4: 


‘the high frequency 
1 transformer is given by: 


_ (1+3 cos 27 'n)* A sn 27 rg 


| 4(1 + cos 27 I yy? 
For | = A/4, a= 1.25 or 1 db ; for | =)/2,a=o 


The characteristic impedance of the line trans- 
former must be equal to: 


Zo = VRg.R- 


Figures 29 and 30 show two different realizations 
of 4: 1 transformers for a 50 to 12.5 ohm-trans- 
formation designed for the band 118-136 MHz. 

The transformers are made of two printed circuit 
boards or two ribbons stuck together and connected 
as shown in Figures 29 and 30. 


Epoxy 0.2mm thick 


eee) 
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VA 
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Fig. 29 — 4:1 line transformer on. p.c. board 
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Line transformer on p.c. board (Fig. 29). 


Ribbon thickness 


Electrical tape 
EE3990 
Permmacel 


Isolation: -New Brunswick 


— Isolation 


Ferrite 


Stick one ribbon (1.5mm. wide) against the other (2.5) 
; Total fength per ribbon 98cm. 


3.5 


Turns 


Fig. 30 -- 4:1 ‘copper ribbon line transformer with ferrite 


Line transformer on ferrite (Fig. 30) 


4.2 GRAPHIC DESIGN 


The common method of graphic design makes use 
of the Impedance-Admittance Chart (Smith Chart). 
It is applicable to all ladder-type networks as 
encountered in matching circuits. . 
Matching is supposed to be realized by the suc- 
cessive algebraic addition of reactances (or suscept- 
ances) to a given start impedance (or admittance) 


Gaeta; 
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until another end impedance (or admittance) is 
reached. 

Impedance chart and admittance chart can be super- 
imposed. and. used alternatively due to the ‘fact that 
an immittance point, defined by its reflection coefficient 
I with respect to a reference, is common to the Z-chart 
and the Y-chart, both being representations in the. 


I -plane. - 


—R . 
P=>—S ey, +7; 


Characteristic 
impedance of the line 


1 
P=2s— Roe 
_ Us 


More precisely, the Z-chart is a plot in the I -plane, 
while the Y-chart is a plot in the —I° -plane. The change 
from the T to —F -plane is accounted for in the con- 
struction rules given below. 

Figure 31 and 32 show the representation of normal- 
ized Z and Y respectively, in the I’ -plane. 


x >0 


capacitive 


x<0 


r >0 
[- plane x 
: | tt tt 
—-— =2Z2 => FF + 5X . + 
- TT rabucrte 
2.2 
1929? Pt | tt 
r= a 
—+——. 
nye pt | td 
2, || capacitive 
x= 
? Ft tt 
ie as ¥ 
2, .2 1 
_ te +x* a1 Rectangular coordinates 
J (r 41)* +x? 
_ 2x 
(r +1) +x? 
Radius :1/(1 +r) 
r circles , 
Center at: ¥, = Tay = 0 
Radius : 1/x 
*x circles 
Center at: ¥, = 1 . Y, = 1x 
Fig. 31 — Representation of the normalized Z values . 
in the  T-plane 
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b< 0 


short 


Capacitive 


b >0 


inductive 


capacitive 


b= i 
(1 +7)? +9 

_ te g?b? 
(149) +b2 


a | 
YO aoe ee 


(1 +9)24b 


Radius : 1/(14g) 
g circles 


| Center at: ¥, = ~g/(149)) ¥, = 0 
{ 


Rectangular coordinates 


Radius : 1/b 
b circles 


Center at : y, =-1, 7; =-1/b 


Fig. 32 — Representation of the normalized Y—values 


in the V— plane 


The Z-chart is used for the algebraic addition of 
series reactances. The Y-chart is used for the alge- 
braic addition of shunt reactances. 

For the practical use of the charts, it is convenient 
to make the design on transparent paper and then 
place it on a usual Smith-chart of impedance type (for 
example). For the addition of a series reactor, the 
chart will be placed with ‘’short” to the left. For the 
addition of a shunt reactor, it will be rotated by 180° 
with ‘‘short’’ (always in terms of impedance) to the 
right. 

The following design rules apply. They can very 
easily be found by thinking of the more familiar Z and 
Y representation in reactangular coordinates. 


For joining two impedance points, there are a 
infinity of solutions. Therefore, one must first decide 
on the number of reactances that will constitute the 
matching network. This number is related essentially 
to the desired bandwidth and the transformation 
ratio. 


R-1N4 


| Addition of 


open 
(in terms of | 
admittance) 
short — b | 
| (in terms of | 
admittance) 


Chart to 
be used 
7 


series G Y 


Using curve 
of constant 
; | 


series R 


1 
series C e Z 


< 


shunt C (+jaC) 


series L (+ jool) 


a 1 
hunt L (+—— 
shun ( iol) 


Secondly, one must choose the operating QO of the 
circuit, which is also related to the bandwidth. O can 
be defined at each circuit node as the ratio of the 


reactive part to the real part of the impedance at that 


node. The QO of the circuit, which is normally referred 


to, is the highest value found along the path. 


Constant Q curves can be superimposed to the 
charts and used in conjunction with them. In the 
I’ -plane, Q-curves are circles with a radius equal to 


Vit + 1 and 


a center at the point + | on ine 
y ae . . " - Q 
Imaginary axis, which is expressed by: 
2y 
x i 2 1,2 1 
; 5 5 Y, (Y, 5) =! > 
1 —%, —%; 6) 


The use of the charts will be illustrated with the 
help of an example. 
The following series shunt conversion rules also 


apply: 
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Figure 35 shows the diagram used for the graphic 
design of the input matching circuit. The circuit O 
must be larger than about 5 in this case and has been 
chosen equal to 10. At Q = 5, Cy would be infinite. 
The addition of a finite value of C1 increases the 
circuit Q and therefore the selectivity. The normal- 
ized values between brackets in the Figure are 
admittances (g + jb). 


At f = 175MHz, the following results are obtained: 


= 50x. = 50 (0.39 — 0.022) = 18.5 ohms 


3 3 “L = 16.8 nH 
3 
as sea = (2.5 — 0.42) = 0.0416 mhos 
Fig. 33 — Narrow- band VHF power amplifier 2 ~ 50 oa 9 a a = 37.8 pF 


td Seo) 0.9 9n 287-6 ahi 


Figure 33 shows the sehemare of an amplifier wl, 1 as = -.C, = 10.4 pF 
using the 2N5642 RF power transistor. Matching has : 
to be achieved at 175 MHz, on a narrow band basis. Figure 36 shows the diagram for the output circuit, 
The rated output power for the device in question designed in a similar way. 
is 20 W at 175 MHz and 28 V collector supply. The Here, the results are (f = 175MHz ) - 
input impedance at these conditions is equal to 2.6 2 = 
ohms in parallel with -200 pF (see data Sheet). This cae ser et ginieg ae en 24.8nH 
converts to a resistance of 1.94 ohms in series with a | ‘4 
reactance of 1.1 ohm. 1 1 
wC 1.9 = 0.038 anes ..C_ = 34.5 pF 
The collector load must be equal to: 5 50 5 50" 9 


9 D) The circuit Q at the output is equal to 1.9. 
[ Vcc — Vee (sat) ] a3 (28-3) | 


2xP 40 
out 


= 15.6 ohms. 


The collector capacitance given by the data sheet — 
is 40 pF, corresponding to a capacitive reactance of Seal fl 
22.7 ohms. 

The output impedance seen by the collector to eee © Spe 
insure the required output power and cancel out the Loe 
collector capacitance must be equal to a resistance On : 
of 15.6 ohms in parallel with an inductance of 22.7 ae 
ohms. This is equivalent to a resistance of 10.6 ohms 
in series with an inductance of 7.3 ohms. 

The input QO is equal to, 1.1/1.94 or 0.57 while the 
output QO is 7.3/10.6 or 0.69. 


,f 0.039+ j0.39 
 (0.25-j2.5) 


e 
‘t 


He. {rs 
’/ series i 
1 beg P 


/ inductance Lo (N25 10821 
‘ 


series 


capacitance C, 
(x) 


: . : ) 0.039+j0.022 1+j0 Oo 
It is seen that around this frequency, the device 
has good broadband capabilities. Nevertheless, the Fig. 35 — Input circuit design 
matching circuit will be designed here for a narrow pe oe ae 


band application and the effective Q will be 
determined by the circuit itself not by the device. 

Figure 34 shows the normalized Inpedances (to 
50 ohms). 


0,212+j0,146 


; series inductance La \ y parallel capacitance C5 
Normalized input impedance Load impedance (X4) tanh (b5) 
; 0,212-j0,4 


Fig. 34 — Normalized input and output impedances (141.9) 


for the 2N5642 Fig. 36 ‘Output circuit design 
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The selectivity of a matching circuit can also be 5.2 CIRCUIT SCHEMATIC 
determined graphically by changing the x or b values 
according to a chosen frequency change. The 
diagram will give the VSWR and the attenuation can 
be computed. 

The graphic method is aiso usefui for Conversion 


from a lumped circuit design into a stripline design. 
The immittance circles will now have their centres on 
iné 7 + jo point. 


At low impedance levels (large circles), the differ- 


ence between lumped and distributed elements is 


small. 
: C,= 300 pF (chip) Ty, Tz see Figure 30 
5. PRACTICAL EXAMPLE ; . Lo= 4.2 nH tadjust) RFC, = 7 turns 
L,= 8 nH (adjust) gs 
. . 3 J 6.3 mm coil diamet 
The example shown refers-to a broadband ampli- = 130 pF (chip) 7 
| ; : 4 p 0.8 mm wire diameter 
fier stage using a 2N 6083 for operation in the VHF- | ces 750 pF (chip) nia <2 es - 
. a = turns on i 
band 118-136 MHz. The 2N 6083 is a 12.5 V-device ene d ce ae 
‘ : : ; = 2.2 UF Cj= 0.68 uF 
and, since amplitude modulation is used at these 
transmission frequencies, that choice supposes low Fig. 37 — Circuit schematic 


level modulation associated with a feedback system 
for distortion compensation. 

Line transformers will be used at the input and 
output. Therefore the matching circuits will reduce to 5.3 TEST RESULTS 
two-reactance networks, due to the relatively low ; . 
impedance transformation ratio required. . 


5.1 DEVICE CHARACTERISTICS 


Input impedance of the 2N 6083 at 125 MHz: 
R_ =0.9 ohms | 
p 


C_ = —390 pF 
o p 


Rated output: power: 4 

30W for 8W input at 175MHz. From the data sheet 
it appears that at 125MHz, 30W output will be 
achieved with about 4W input. 


Output impedance: 


oc “ee (sat})* _ 100 _, 67 ohms 
2xP 60 | 
out 


C = 180 pF at 125 MHz , Fig. 39 — 1. vs frequency 
out : ; 


» MOTOROLA RF DEVICE DATA 
6-106 


AN-721 


6. LITERATURE 


1. Motorola Application Note AN-282 A ‘‘System- 
izing RF Power Amplifier Design” 


2. W. E. Everitt and G. E. Anner 
“Communication Engineering” 
McGraw-Hill Book Company, Inc 


3. G. L. Matthaei, L. Young, E. M. T. Jones 
‘Microwave Filters, Impedance-Matching Net- 
works and Coupling Structures” 


; McGraw-Hill Book Company, Inc. 
Fig. 40 — Prec, /Piy vs frequency 


4. G. L. Matthaei 
‘Tables of Chebyshew Impedance- Transforming 
Networks of Low-Pass Filter Form” ! 
Proc. IEEE, August 1964 


5. Motorola Application Note AN-267 
“Matching Network Designs with computer 
Solutions”’ 


6. E. G. Cristal 
“Tables of Maximally Fiat Impedance-Trans- 
forming Networks of Low-Pass-Filter Form’’ 
IEEE Transactions on Microwave Theory and 
Techniques 
Vol. MTT 13, No 5, maplenioe 1965 
Correspondence 


vi H. W. Bode 
“Network Analysis and Fesdpack Amplifier 
Design” 
D. Van Nostrand Co., N.Y. 


8. R. M. Fano . 
‘Theoretical limitations on the Broadband 
Matching of Arbitrary Impedances”’ 
Journal of Franklin Institute, January- eemay 
1950 


9. J. H. Horwitz 
“Design Wideband UHF- ere Amplifiers” 


118-136 MH2 BmPUTEL (see Fig. 37) before coil Electronic Design 11. May 24, 1969 


adjustment. 
10. oy Pitzalis, R. A. Gilson 
“Tables of Impedance Matching Networks which 
Approximate Prescribed Attenuation Versus 
Frequency Slopes” 
IEEE Transactions on Microwave Theory and 
Techniques 
Vol. MTT-19, No 4, April 1971 
- 11. C. L. Ruthroff 
‘ | -_ | “Some Broadband Transformers’ 
Acknowledgements: ~ Proc. IRE, August 1959 
The author is indebted to Mr. T. O’ Neal fi ‘the . . 
fruitful discussions held with him. Mr. O’Neal ~ 12. H. H. Meinke 
designed the circuit shown in Figure 37; Mr. J. ‘Theorie der H. F. Schaltungen” 


Hennet constructed and tested the lab model. Munchen, Oldenburg 1951 


Sa te a ea sen Sa 
MOTOROLA RF DEVICE DATA 
6-107 


AN-74S 


- BROADBAND TRANSFORMERS AND POWER 


GC 


repared by 
ranberd . 


_ Gr 
Circuits Engineelne 


INTRODUCTION 

The following discussion focuses on broadband trans- 
formers for RF power applications with practical examples 
of various types given with performance data. Detailed 
design formula are available in the Reference section. 
Power combining techniques useful in. designing nigh 
power amplifiers are discussed in detail. 


BROADBAND TRANSFORMERS 
The input and output transformers are among the most 
critical components in the design of a multi-octave ampli- 
fier. The total performance of the amplifier (linearity, 
- efficiency, VSWR, gain flatness) will depend on their 
quality. Transformers with high impedance ratios and for 
low impedances are more difficult to design in general. In 
the transmission line transformers very low line impedances 
are required, which makes them impractical for higher than 
- 16:1 impedance ratios in a 50-Ohm system. Other type 
transformers require tight coupling coefficients between 
_ the primary and secondary, or excessive leakage induct- 
ances will reduce the effective bandwidth. Twisted line 
transformers (Figure 1C, D, F, G) are described in Refer- 


OMBINING TECHHIC 


ences 1, 2, and 4. Experiments have shown that the di- 
electric losses in certain types of magnet. wire, cmployed 
for the twisted lines, can limit the power handling cap- 
ability of such transformers. This appears as heat generated 
within the transformer at higher frequencies, although part 
of this may be caused by the losses in the magnetic core 
employed to improve the low frequency response. At low 
frequencies, magnetic coupling between the primary and 
secondary is predominant. At higher frequencies the leak- 
age inductance increases and the permeability of the 
magnetic material decreases, limiting the bandwidth unless 
tight capacitive coupling is provided. In a transmission line 
transformer this coupling can be clearly defined in the 
form of a line impedance. 

The required minimum inductance on the low imped- 
ance side is: — 


L = Inductance in uH 
R= = Impedance in Ohms 
i= Frequency in MHz 


where 


This applies to all transformers iseGabed here. 
Some transformers, which exhibit good broad band per- 
formance and are easy to duplicate are shown in Figure 1. 


FIGURE 1 — HF Broadband Transformers 
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Transformers E and F are intended for input applica- 
tions, although Ain a smaller physical form is also suitable. 


In E, the windings are photo etched on double sided | 


copper-Kapton* (or copper-fiberglass) laminate. The dielec- 
tric thickness is 3 mils, and the winding area is 0.25 in2. 


oak 


= NWA OD NO OO 


Laminate Thickness (Mils) 


° 
_ 


Transformer size (Area In.2) 


FIGURE 2 — Laminate Thickness versus Winding Area 


Solder Area 68. 


Plastic 
Insulation. 


. Fiberglass 
Material: 


| Copper 
Strip 56 - 


Ferrite Material 82 
Patent Applied for. ; 


FIGURE 3 — Detailed Structure of Transformer Shown in Figure 1E 


*Trademark of E. I. DuPont, De Nemours and Co., Inc. 


Ferrite plates (ur = 2000 to 3000) are cemented on each 
side to improve the low frequency response. This type 
transformer in the size shown, can handle power levels to 
10 W. Figure 2 shows curves for laminate thickness versus 
winding area for various impedance ratios. 

Impedance ratios of this transformer are not limited to 
integers as 1:1, 4:1 —— N:L, and the dc isolated primary 
and secondary have an advantage in certain circuit config- 
urations. This design will find its applications in high 
volume production or where the small physical size is of 
main concern. Table 1 shows the winding configuration 


and measured data of the transformer shown. in Figure 3. 


TABLE 1 — impedance at Terminals BB’ 
Transformer Terminated as Shown 


+) 81 

+) 185 

+) 1518 

214 

| 79 
430. 


In the transformer shown in Figure 1F and Table 2, a 
regular antenna balun core is employed (Indiana General. 
F684-1 or equivalent). Lines A and B each consist of two | 
twisted pairs of AWG #30 enameled wire. The line 
impedances are measured as 32 Ohms, which is suffi- 
ciently close to the optimum 25 Ohms calculated for 4:1 
impedance ratio. (Zo =/ Rin RI). ae ae 

Windings a and b are wound one on top of the other, 
around the center section of the balun core. Line c should 
have anoptimum Zo of 50 Ohms. It consists of one pair of | 
AWG #32 twisted enameled wire with the Zo measured as 
62 Ohms. The balun core has two magnetically isolated 
toroids on which c is wound, divided equally ‘between 
each. The inductance of c should approach the combined 
inductance of Lines a and b (Reference 4,6). | 


The reactance in the 50 Ohm port (BB’) should measure _ 


a minimum of + j 200. To achieve this for a 4:1 trans- 
former, a and b should each have three turns, and for a 
9:1 transformer, four turns. When the windings are con- 
nected as a 9:1 configuration, the optimum Zo is 16.6 
Ohms, and a larger amount of high frequency compensation 
will be necessary. Lower impedance lines can be realized. 
with heavier wires or by twisting more than two pairs to- 
gether. (e.g., four pairs of AWG #36 enameled wire 
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- would result in the Zo of approximately 18 Ohms.) De- 
tailed information on the manufacture of twisted wire 
transmission lines can be found in References 2,4, and 8. 


TABLE 2 — Impedance at Terminals BB’ 


Seamtard ac Shera 
ue SG SS SHOVE 


| | | 


. a, 4 Turns 


Boon ee oe eat 


c, 14.5 Turns 


+) 185 
+) 330 
+) 430 
+j 600 
+j 750 
+j 3060 


Figure 1A shows one of the most practical designs for 
higher impedance ratios (16 and up). The low impedance 
winding always consists of one turn, which limits the avail- 
able ratios to integers 1,4,9 —— N. Data taken of this type 
of a 16:1 transformer is shown in Table 3, while Figure 4 
illustrates the physical construction. Two tubes, 1.4” long 
and 1/4” in diameter — copper or brass — form the primary 
winding. The tubes are electrically shorted on one end by a 
piece of copper-clad laminate with holes for the tubes and 
the tube ends are soldered to the copper foil. The hole 
spacing should be larger than the outside diameter of the 
ferrite sleeves. ee 


TABLE 3 — Impedance at Terminals BB’ 
' Transformer Terminated as Shown 


Ce a 


+) 1030 
+] 3090 
+] 5800 
4300 
4 760 
4.600 


Multi-Turn Winding > 
Threaded ase 
Through Tubings 


Connections| 
to Tubings 


feral 


Ferrite Sleeves, 


Stackpole 57-0472-24A, 
or Equivalent. 


FIGURE 4 — Physical Construction of a 16:1 Transformer 
(Actual Number of Turns Not Shown) 


A similar piece of laminate is soldered to the opposite 
ends of the tubes, and the copper foil is divided into two 
sections, thus isolating the ends where the primary connec- 
tions are made. The secondary winding is formed by 
threading wire with good RF insulating properties through 
the tubes for the required number of turns. 

Although the measurements indicate negligible differ- 
ences in performance for various wire sizes and types 
(stranded or solid), the largest possible diameter should be 
chosen for lower resistive losses. The initial permeability of . 
the ferrite sleeves is determined by the minimum induct- 
ance required for the lowest frequency of oneration accord- 
ing to the previous formula. Typical u;’s can vary from 
800 to 3000 depending upon the cross sectional-area and 
lowest operating frequency. Instead of the ferrite sleeves, 
a number of toroids which may be more readily available, 
can be stacked. 

The coupling coefficient between the primary and sec- 
ondary is almost a logarithmic function of the tube dia- 
meter and length. This factor becomes more important 
with very high impedance ratios such as 36:1 and up, 
where higher coupling coefficients are required. The losses 
in the ferrite are determined by the frequency, permeability 
and flux density. The approximate power handling cap- 
ability can be calculated as in Reference 4 and 6, but the 
ferrite loss factor should be taken into consideration. The 
Uy in all magnetic materials is inversely proportional to the 
frequency, although very few manufacturers give this data. 

Two other variations of this transformer are shown in 
Figure 5. The smaller version is suitable for input matching, 
and can handle power levels to 20 W. It employs a stack- 
pole dual balun ferrite core 57-1845-24B. The low imped- 
ance winding is made of 1/8” copper braid. The portions 
of braid going through the ferrite are rounded, and open- 
ings are made in the ends with a pointed tool. The high 
impedance winding is threaded through the rounded 
portions of the braid, which was uncovered in each end of 
the ferrite core. (See Figures 4 and 5.) 
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FIGURE 5 — Variations of Transformers in Figure 1A 


The construction technique of the larger version trans- 
former is similar, except two separate ferrite sleeves are 
employed. They can be cemented together for easier 


handling. This transformer is intended for output applica-. 
tions, with a power handling capability of 200-250 W 


employing Stackpole 57-0472-27A ferrites. For more 
detail, see Reference 7. 

The transformer shown in Figure 1B is superior in band- 
width and power handling capability. Table 4 shows data 
taken on a 4:1 transformer of this type. The transmission 
lines (a and b) are made of 25-Ohm miniature co-axial 
cable, Microdot 260-4118-000 or equivalent. Two 50 Ohm 
cables can also be connected in parallel. — _ 

The balun, normally required to provide the balanced 
to unbalanced function is not necessary when the two 
transmission lines are wound on separate magnetic cores, 
and the physical length of the lines is sufficient to provide 
the necessary isolation between AA’ and BB’. The minimum 
line length required at 2.0 MHz employing Indiana General 
F627-19-Q1 or equivalent ferrite toroids is 4.2 inches, and 
the maximum permissible length. at 30 MHz would be 
approximately 20 inches, according to formulas 9 and 10 
presented in Reference 2. The 4.2 inches would amount 
to four turns on the toroid, and measures 1.0 wH. This 
complies with the results obtained with the formula given 
earlier for minimum inductance calculations. 

Increasing the minimum required line length by a factor 
of 4 will provide the isolation, and the total length is still 
within the calculated limits. The power loss in this PTFE 
insulated co-axial cable is 0.03 dB/ft at 30 MHz in contrast 
to 0.12 dB/ft for a twisted wire line. The total line loss in 
the transformer will be about 0:1 dB» | 

The number of turns on-the toroids has been increased 
beyond the point where the flux density of the magnetic 
core is the power limiting factor. The combined line and 
core losses limit the power handling capability to approxi- 
mately 300 W, which can be slightly increased by employ- 
ing lower loss magnetic material. on 


A-114 


Toroids-Indiana 
General F627-19:.Q1, 
' or Equivalent 


- Cable — 250, 
Microdot 260-4118-000, 
or Equivalent. (16 Turns. 
_ on Each Toroid.) 


FIGURE 6 — Transformer Construction (Figure 1B) 


Note the connection arrangement (Figure 6), where the 
braid of the cable forms the high current path of the 
primary. . a a oS . 


TABLE 4 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


+j 460 
+) 680 
+j 920 
~ 47-7300 °°. 
+; 900 - 
+j 690 


HIGH-FREQUENCY POWER COMBINING 
TECHNIQUES EMPLOYING HYBRID COUPLERS. 
The zero degree hybrids described here are intended for 
adding the powers of a multiple of solid-state amplifiers, or 
to combine the outputs of groups of amplifiers, usually re- 
ferred to as modules. With this technique, powers to the. 
kW level at. the high-frequency bands can be realized. 
When reversed, the hybrids can be used for splitting. 
signals into two or more equal phase and amplitude ports. _ 
In addition, they provide the necessary isolation between 
the sources. The purpose of the isolation is to keep the 
system operative, even at a reduced power level during a 
possible failure in one. amplifier or module. The isolation 
is especially. important in output combining of linear 


~ MOTOROLA RF DEVICE DATA 


AN-749 


amplifiers, where a constant load impedance must be main- 

tained. Sometimes the inputs can be simply paralleled, and 

a partial system failure would not have catastrophic effects, 

but will merely result in increased input VSWR. 

For very high frequencies and narrow bandwidths, the 

ay consist F of « only y lene of transmis- 
lengths of the 


4i aslisihls cam: nncad tn “tha hishest aonerat- 
“re 


d be HCPUBIDIC COMPPaGPoG tO Eile sbieit 

-y to minimize the resistive losses, and to avoid 
possible 1 resonances. To increase the bandwidth and im- 
prove the isolation characteristics of the line, it is necessary 
to increase the impedance for non-transmission line cur- 
ents) without effecting its physical 


hybrid couplers m 


‘S 
ga 
fon] 
Jone 
(Dp ot 
im) 
fo 
ha) 
~ 
ks 


rents (parallel cu 
length. This can be é done by loading the line with magnetic 
material. Ideally, this material should have a linear BH 
curve, high permeability and low losses over a wide freq- 
uency range. For high-frequency applications, some ferrites 
offer satisfactory characteristics, making bandwidths of 
four or more octaves possible. 

Depending upon the balance and phase differences be- 
tween the sources, the currents should be. mostly cancelled 
in the balun lines. In a balanced condition, very little power 
is dissipated in the ferrite cores, and most occurring losses 
will be resistive. Thus, a straight piece of transmission line 
loaded with a high permeability ferrite sleeve, will give 
better results than a multiturn toroid arrangement with 
its inherent higher distributed winding capacitance. 

It is customary to design the individual amplifiers for 50 
Ohm input and output impedances for testing purposes 

and standardization. 50-and 25-Ohm co-axial cable can 
then be employed for the transmission lines. Twisted wire 
lines should not be used at power levels higher than 100 
Watts average, due to their higher dielectric losses. 

Variations of the basic hybrid are shown in Figure 7A 
and B where both are suitable | for power dividing or 
combining. 


The balancing resistors are necessary to maintain a low 


VSWR in case one of the 50-Ohm points reaches a high 


impedance as a result of a transistor failure. As an input 
power splitter, neither 50-Ohm port will ever be subjected 
-to a short due to the base compensation networks, should 
a base-emitter junction short occur. An open junction will 
result in half of the input power being dissipated by the 
balancing resistor, the other half still being delivered to the 
amplifier in operation. The operation is reversed when the 
hybrid is used as an output combiner. A transistor failure 
will practically always cause an increase in the amplifier 
output impedance. Compared to the 50-Ohm load imped- 
ance it can be regarded as an open circuit. When only one 
amplifier is operative, half of its output power will be dis- 
sipated by R, the other half being delivered to the load. 
The remaining active source will still see the correct load 
impedance, which is a basic requirement in combining 
linear amplifiers. The resistors (R) should be of nonin- 
ductive type, and rated for 25% of the total power, unless 
some type of automatic shutoff system is incorporated. 
The degree of isolation obtainable depends upon the fre- 
quency, and the overall design of the hybrid. Typical 


| ONC Cd | 
| tran 
ae 
FIGURE 7A 
| ‘FIGURE7B a 


FIGURE 7 — Variations of Basic Hybrid 


figures for 2 to 30 MHz operation are 30-40 dB. Fig- 
ures 8A and B show 4 port “totem pole” structures de- 
rived from Figures 7A and 7B. Both can be used with even 
number of sources only, e.g. 4, 8, 16, etc. For type 8B, it 
is more practical to employ toroidal multi-turn lines, rather 
than the straight line alternatives, discussed earlier. The 
power output with various numbers of inoperative sources 
can be calculated as follows, if the phase differences are 
negligible: (Reference 2) 


/P 
Pout -(E)Ni 


P = Total power of operative sources 
N =Total number of sources 
N= Number of operative sources 


where: 


Assuming the most common situation where one out of 
four amplifiers will fail, 75% of the total power of the re- 
maining .active sources will be delivered to the load. 

Another type of multiport hybrid derived from Figure 
7A is shown in Figure 9. It has the advantage of being cap- 
able of interfacing with anodd number of sources or loads. 

In fact, this hybrid can be designed for any number of 
ports. The optimum values of the balancing resistors will 
vary according to this and also with the number of ports 
assumed to be. disabled at one time. Two other power 


combining arrangements are shown in Figures 10 and 11. 
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252 —-— = |. PT1=4:1 
Z, (a, b, c, d) = 502 | | 
. Zo5 (e, f, g) = 25 ; 


FIGURE 8A. 


Line impedances: 
a,b = 502 . 
. ¢,d = 252 


FIGURE 8B 


e : . 
502 Output 


o7-Sers--_— 


Zo (a,b,c) = 50 2 | | . | = | . Oe - 7 


Zo (d, e) = 25 Q (optimum 28.9 2) 


FIGURE 9 — Three-Port Hybrid Arrangement 
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Zo (a,b) = 50 2 
Zo (c,d) = 25 2 (optimum 35.4 2) 


FIGURE 10 — Two-Port Hybrid System 
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R, = 12.5 Ohms 


1 PORT INOPERATIVE. - 2 PORTS INOPERATIVE. | . 3 PORTS INOPERATIVE. 
- Optimum R = 28.3 Ohms . Optimum R = 25 Ohms . Optimum R = 18.75 Ohms 


P = : P = P oss 

ut R ut R ut R 
(PLFP2+P3)-(Pp + PS) | (BTFP2)-(P A +PS) PT PRP 
P1, P2, P3 = Power at any operative port, Pr = Power dissipated in R, excluding Ri: 


V = RMS voltage at any 50 Ohm point. 
(The phase differences are assumed negligible.) 


Z9.(a,b,c,d) = 50 22 
Zo (ef) = 25 2 (optimum) 


-FIGURE 11 — Four-Port Hybrid System 
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The isolation characteristics of the four-port output com- 
biner were measured, the data being shown in Table S. 
The ferrite sleeves are Stackpole 57-0572-27A, and the 
transmission lines are made of RG-142/U co-axial cable. 
' The input power dividers described here, employ Stack- 
pole 57-1511-24B ferrites, and the co- “axial cable is Micro- 
dot 250-401 2-0000. 


TABLE 5 — Isolation 
Characteristics of Four ‘Port Outpue Combiner 


Isolation,» 
_Port- to- Port 
(dB) 


27.0-29.4 
34.8-38.2 
39.0-41.2 
32.1-33.5 
31.2-33.0 
31.0-33.4 


The input and output matching transformers (T1 — T2) 
will be somewhat difficult to implement for suchimpedance 
ratios as 2:1 and 3:1. One solution is a multi-turn toroid 


- wound with co-axial cable, such as Microdot 260-4118-000. 


A tap can be made to the braid at any point, but since this 
is 25-Ohm cable, the Zo is optimum for a 4:1 impedance 
ratio only. Lower impedance ratios will normally require 
increased values for the leakage inductance compensation 
capacitances (C1 — C2). For power levels above 500-600 
W, larger diameter co-axial cable is desirable, and it may be 
necessary to parallel two higher impedance cables. The 
required cross sectional area of the toroid can be calculated 
according to the Bmax formulas presented in References 
4 and 6. 
The 2 to 30 MHz linear amplifier (shown i in Figure 13) 


FIGURE 12 — Two-Four Port Hybrids 


The one at the lower left is intended for power divider applications 
with levels to 20 — 30 W. The larger one was designed for amplifier 
output power combining, and can handle levels to 1 — 1.5 kW. (The 
balancing resistors are not shown with this unit.) 


consists of two 300 W modules (8). This combined ampli- 
fier can deliver 600 W peak envelope power. The CW 
power output is limited to approximately 400 W by the 


‘heatsink and the output transformer design. 


The power combiner (Figure 13A) and the 2:1 step-up 
transformer (Figure 13B) can be seen in the upper right 
comer. The input splitter is located behind the bracket 
(Figure 13C). The electrical configuration of the hybrids 
is shown in Figures 7A and 10. Note the loops equalizing 
the lengths of the co-axial cables in the input and output 
to assure a minimum phase difference between the two 
modules. : 


FIGURE 13 — 2 to 30 MHz Linear Amplifier Layout 
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A TWO-STAGE 1 kW SOLID-STATE LINEAR AMPLIFIER 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering 


| INTRODUCTION 


This application note discusses the design of 50 W and 
300 W linear amplifiers for the 1.6 to 30 MHz frequency 
band. Both amplifiers employ push-pull design for low, 
even harmonic distortion. This harmonic distortion and 
the 50 Vdc supply voltage make the output impedance 
matching easier for 50-Ohm interface, and permits the use 
of efficient 1:1 and 4:1 broadband transformers. 

Modern design includes integrated circuit bias regu- 
lators and the use of ceramic chip capacitors throughout 
the RF section, making the units easily mass producible. 


Also, four 300 W modules are combined to provide a — 


1 to 1.2 kW PEP or CW output capability. The driver 
amplifier increases the total power gain of the system to 
approximately 34 dB. 


Although the transistors employed (MRF427 and 


MRF428) are 100% tested against 30:1 load mismatches, 
in case of a slight unbalance, the total dissipation ratings 
may be well exceeded in a multi-device design. With high 
drive power available, and the power supply current limit 
set at much higher levels, it is always possible to have a 
failure in one of the push-pull modules under certain load 
mismatch conditions. It is recommended that some type 
of VSWR based protective circuitry be adapted in the 
equipment design, and separate dc regulators with appro- 
priate current limits provided for each module. 

The MRF428 is a single chip transistor with the die 


size of 0.140 x 0.248”, and rated for a power output of 


150 W PEP or CW. The single chip design eliminates the 
problem of selecting two matched die for balanced power 
distribution and dissipation. The high total power dissi- 
pation rating (320 W) has been achieved by decreasing the 
thermal resistance between the die and the mount by 
reducing the thickness of the BeO insulator to 0.04” 
from the standard 0.062’’, resulting in Rgjc as low 
as 0.5°C/W. | 

The MRF427 is also a single chip device. Its die size is 
0.118 x 0.066’, and is rated at 25 W PEP or CW. This 
being a high voltage unit, the package is larger than 
normally seen with a transistor of this power level to pre- 
vent arcing between the package terminals. 

The MRF427 and MRF428 are both emitter-ballasted, 
which insures an even current sharing between each cell, 
and thus improving the device ruggedness against load 
mismatches. 

The recommended collector idling currents are 40 mA 
and 150 mA respectively. Both devices can be operated in 
Class A, although not specified in the data sheet, pro- 
viding the power dissipation ratings are not exceeded. 


MOTOROLA RF DEVICE DATA 


6-117 


GENERAL DESIGN CONSIDERATIONS 


Similar circuit board layouts are employed for the four 
300 W building block modules and the preamplifier. A - 
compact design is achieved by using ceramic chip capaci- 
tors, of which most can be located on the lower side of 
the board. The lead lengths are also minimized resulting 
in smaller parasitic inductances and smaller variations 
from unit-to-unit. 

Loops are provided in the collector current paths to 
allow monitoring of the individual collector currents with 
a clip-on current meter, such as the HP-428B. This is the 
easiest way to check the device balance in a push-pull 
circuit, and the balance between each module in a system 
such as this. 

The power gain of each module should be within not 
more than 0.25 dB from each other, with a provision 
made for an input Pi attenuator to accommodate device 
pairs with larger gain spreads. The attenuators are not 
used in this device however, due to selection of eight 
closely matched devices. 

In regards to the performance specifications, the 
following design goals were set: 

Devices: 8 x MRF428 + 2 x MRF427A 


Supply Voltage: 40 — 50 V 
7, Worst Case: 45% on CW and 35% under two-tone 
conditions 


IMD, d3: -30 dB Maximum (1 kW PEP, 50 V and 
800 W PEP, 40 V) 


Power Gain, Total: 30 dB Minimum 
Gain Variation: 2.0 — 30 MHz: +1.5 dB Maximum 
Input VSWR: 2.0:1 Maximum . 


Continuous CW Operation, 1 kW: 50% Duty Cycle, 
30-minute periods, with heatsink temperature 
75°C: 


_ Load Mismatch Susceptibility: 10:1, any phase angle 


Determining the figures above is based on previous per- 
formance data obtained in test circuits and broadband 
amplifiers. Some margin was left for losses and phase 
errors occurring in the power splitter and combiner. 


THE BIAS VOLTAGE SOURCE 


Figure | shows the bias voltage source employed with 
each of the 300 W modules and the preamplifier. Its basic 
components are the integrated circuit voltage regulator 
MC1723C, the current boost transistor Q3 and the tem- 
perature sensing diode D1. 


AN-/58 


Parts Lisi: 

R5 — 1.0 Ohm/”% WwW 

R6 —1kQ/”%ZW 

R7 — 100 Ohm/5 W 

R8 — 18k0Q/%W 

RO — 8.2 kQ/%W 

Rii — —— 

R12 —1kQ/%W 

C11 — 1000 uF/3V Electrolytic p2 
C12 — 1000 pF Ceramic 
D1 — See text 

D2 — 1N5361 — 1N5366 
Q3. — 2N5991 


| 
| 
| 
RiO — 7 kM trimpot 


To Pin2- 


MC1723C 


= - eae eee omens Bigs Out 
I J +0.5-1.0 V 
10 O14 o ea 


FIGURE 1 — Bias Voltage Source 


Although the MC1723C is specified for a minimum Vo 
of 2 Volts, it can be used at lower levels with relaxed speci- 
fications, which are sufficient for this application. Advan- 
tages of this type bias source are: 


1 Line voltage regulation, which is important if the 
amplifier is to be operated from various supply 
voltages. 

2. Adjustable current limit. 

3. Very low stand-by current drain. 


Figure 1 is modified from the circuit shown on the 
MC1723 data sheet by adding the temperature sensing 
diode D1 and the voltage adjust element R10. D2 and 
R12 reduce the supply voltage-to a level below 40 V, 
which is the maximum input voltage of. the regulator. 

D1 is the base-emitter junction of a 2N5190, in a 
Case 77 plastic package. The outline dimensions allow its 
use for one of the circuit board stand-offs, attaching it 
automatically to the heatsink for temperature tracking. 


The temperature compensation has a slight negative 


coefficient. When the collector idling current is adjusted 


to 300 mA at 25°C, it will be reduced to 240 — 260 mA 
at a 60°C heatsink temperature. (-1.15 to -1.7 mA/C°.) 
The current limiting resistor R5 sets the limiting to 
approximately 0.65 A, which is sufficient for devices 
Ic ; 
Tr when the maxi- 
mum average Ic is 10.9 A. (2 MHz, 50 V, 250 cw) 
Typically, the MRF428 hpRp’s are in the 30’s. 


with a minimum hfFR of 17, (1B = 


The measured output voltage variations of the bias 


source . — 600 sae are +5 to 7 mV, which amounts to 


THE 300 W AMPLIFIER MODULE | 


Input Matching 


Due to the large emitter periphery of the MRF428, 
the series base impedance is as low as 0.88, -J.80 Ohm at 
30 MHz. In a push-pull circuit a 16:1 input transformer 
would provide the best impedance match from a 50-Ohm 
source. This would however, result in a high VSWR at 
2 MHz, and would make it difficult to implement the 
gain correction network design. For this reason a 9:1 
transformer, which is more ideal at the lower frequencies, 
was chosen. This represents a 5.55 Ohm base-to-base 
soure impedance. 

In a Class C push- Sail circuit, wie the conduction 
angle is less than 180°, the base-to-base impedance would 
be about four times the base-to-emitter impedance of one 
device. In Class A where the collector idling current is 
approximately half the peak collector current, the con- 
duction angle is 360°, and the base-to-base impedance is 
twice the input impedance of one transistor. When the 
forward base bias is applied, the conduction angle in- 
creases and the base-to-base impedance decreases rapidly, 
approaching that of Class A in Class AB. 

A center tap, common in push-pull circuits, is not 
necessary in the input transformer secondary, if the tran- 
sistors are balanced. (Cjp, hFE, VBEf.): The base current 
return path is through the forward biased base-emitter 
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~ L2= 55 nH 2 


= 4.65 2 


—ae a 


FIGURE 2 — Equivalent Base Input Circuit 


junction of the off transistor. This junction acts as a 
clamping diode, and the power gain is somewhat depen- 
‘dent upon the amount of the bias current. The equiva- 
lent input circuit (Figure 2) represents one half of the 
push-pull circuit, and for calculations Rg equals the total 
source impedance (RS’) divided by two. 

Since a junction transistor is a current alien: it 
should ideally be driven from a current source. In RF 
applications this would result in excessive loss of power 
gain. However, input networks can be designed with 
frequency slopes having some of the current source 
characteristics at low frequencies, where excess gain 
is available. | | 


a simple L-pad was calculated with Rg = 2. 77 Q, and RL 


=4/ 4.652 + 1.252 =4.81 9. _— 
From the device data sheet we find the GpR at 2 MHz 
is about 28 dB, indicating 0.24 W at Ry, will produce an 


~ output power of 150 W, and the required power at Rg = 


The complex base input characteristics of a transistor 


_ would place requirements for a very sophisticated input 
compensation network for optimum overall performance. 
The design goal here was to maintain an input VSWR of 
2:1 or less and a maximum gain variation of +1.5 dB 
from 2 to 30 MHz. Initial calculations indicated that these 
requirements can be met with a simple RC network in 
conjunction with negative collector-to-base feedback. 
Figure 2 shows this network for one device. L1 and L2 
represent lead lengths, and their values are fixed. The 
feedback is provided through R2 and L2. Because the 
calculations were done without the feedback, this branch 
is grounded to simulate the operating conditions. 

The average power gain variation of the MRF428 from 
2 to 30 MHz is 13 dB. Due to phase errors, a large amount 
of negative feedback in an RF amplifier decreases the 
linearity, or may result in instabilities. Experience has 
shown that approximately 5 — 6 dB of feedback can be 
tolerated without noticeable effects in linearity or sta- 
bility, depending upon circuit layout. If the amount of 
feedback is 5 dB, 8 dB will have to be absorbed by the 
input network at 2 MHz. 

Omitting the reactive components, L1, wee Cl, and the 
phase angle of Xy which have a negligible ‘effect at 2 MHz, 


; elie of each should be 


0.24W+ 8 dB=1.51 W. 

Figuring out currents and voltages in various branches, 
results in: R1 = 1.67 © and R2 = 1.44.Q. 

The calculated values of R1 and R2 along with other 
known values and the device input data at four frequencies 
were used to simulate the network in a computer program. 
An estimated arbitrary value of 4000 pF for Cl was 
chosen, and VCS2 represents the negative feedback volt- 
age (Figure 2.) The optimization was done in two separate 
programs for R1, R2,;C1 and VCS2_ and in several steps. 
The goals were: a) VCS and R2 for a transducer loss of 
13 dB at 2 MHz and minimum loss at 30 MHz. b) R1 and 
C1 for input VSWR of <1.1:1 and <2:1 aber: The 
optimized values were obtained as: 


C1=5850pF R2=13Q2 | 
RI=2.1Q  VCS2=15V _ 


The minimum obtainable transducer loss at 30 MHz was 


2.3 dB, which is partly caused by the highest reflected 


: power at this frequency, and can be reduced by “over- 
compensation” of the input transformer. This indicates 


that at the higher frequencies, the source impedance 
(Rs). is effectively decreased, which ° leaves the input 
VSWR highest at 15 MHz. 

In the. practical circuit the value of C1 (and C2) was 
rounded to the nearest standard, or 5600 pF. For each 


“half cycle of operation R2 and R4 are in series and the 


13 Q 7 

7 for VCS2 = 1.5 V. Since 
the voltage across ac and bd = Vck, a turns ratio of 32:1 
would be required. It appears that if the feedback voltage 
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To Bias 
Source 
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FIGURE 3 — 


on the bases remains unchanged, the ratio of the voitage 
across L5 (VCS2) and R2R4 can be varied with only a 
small effect to the overall input VSWR. To minimize the 
resistive losses in the bifilar winding of T2 (Figure 3), 
the highest practical turns ratio should not be much higher 
than required for the minimum inductance, which is 


4R_ 507 


“2ak = Tyg" 40a 


R= Collector to- Collector impedance’= = 12.5. Q 


f= 2 MHz 

ac or bd will then be 1.0 uH, which amounts to 5 turns. 
(See details on T2.) 25% over this represents a 7: 1 ratio 
setting VCS2 to 6.9 V. 


In addition to providing a. source for the negative 


feedback, T2 supplies the dec voltage to the collectors 
as well as functions as a center tap for the output 
transformer T3. 

The currents for each half cycle are in opposite phase 
in ac and bd, and depending on the coupling factor 
between the windings, the even harmonic components 
will see a much lower impedance than the fundamental. 
The optimum line impedance for ac, bd would equal one 
half the collector-to-collector impedance, but experiments 


have shown that increasing this number by a factor of | 


2-3 affects the 2nd and 4th harmonic amplitudes by only 
1 to 2 dB. 

| “Since the minimum gain loss obtainable at 30 MHz 
with network as in Figure 2, and the modified VCS2 


source was about 3.8 dB at 30 MHz, C5 was added with 
the following in mind: C5 and L5 form a parallel resonant 
circuit with a Q of approximately 1.5. Its purpose is to 
increase the shunting impedance across the bases, and to 
disturb the 180° phase difference between. the input | 
signal and the feedback voltage at the higher frequencies, 
This reduces the gain loss of 3.8 dB, of which 1.4 dB is 
caused by the feedback at 30 MHz. The amount depends | 
upon the resonant frequency of C5 L5, which should be 
above the highest operating frequency, to avoid possi- 
ble instabilities. . _— ce 

When L5 is 45 nH, and the resonance is calculated 
for 35 MHz, the value of CS becomes 460 pF, which can 
be rounded to the closest standard, or 470 pF. The phase 
shift at 30 MHz is: 


Tan -1. 


Tan-l | anf L~ 6.28 x 30 x 0.045 
2\|= - 

R (1 - 5) 6g (y- 200 

fo2 L 1225 
Tan ~1 | 


R 6.8 
“cos 0 ~ Gos 780 = 32.70. 


At 2 MHz the numbers are respectively 4.76° and 6.83:-Q2. 


The 1.4 dB feedback means that the feedback voltage 
is 16% of the input voltage at the bases. By the aid of 


The impedance is: 
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vectors, we can calculate that the 78° phase shift and the 
increased impedance reduces this to 4%, which amounts 
to 0.35 dB. These numbers were verified in another 
- computer program with VCS2 = 6.9 V, and including CS. 
New values for R1 and R2 were obtained as 1.95 Q and 
6.8 Q respectively, and other data as shown in Table 1. 


Frequency Input Input Impedance Input Impedance: Attenuation ; 
MHz VSWR Real Reactive. -dB 


The VSWR was calculated as 


Z1 ~-Z2 


7147) where: 


Z1 = Impedance at transformer secondary. 


Although omitted from the preliminary calculations, the 
2 x 5 nH inductances, comprising of lead length, were 
included in this program. 

The input transformer is a 9:1 type, and uses a tele- 
vision antenna balun type ferrite core, made of high 
permeability material. The low impedance winding 
consists of one turn of 1/8” copper braid. The sections 
going through the openings in the ferrite core are rounded 
to resemble two pieces of tubing electrically. The primary 
consists of AWG #22 TFE insulated wire, threaded 
through the rounded sections of braid, placing the primary 


and secondary leads in opposite ends of the core. (4) (5). 
The’ saturation flux density is about 60 gauss which is well 
~ below the limits for this core. For calculation procedures, 
see discussion about the output transformer. 

This type physical arrangement provides a tight cou- 
pling, reducing the amount of leakage flux at high fre- 
quencies. The wire gauge, insulation thickness, and 
number of strands have a minimal effect in the perform- 
ance except at very high impedance ratios, such as 25:1 
and up. The transformer configuration is shown in Fig- 
ure 4. By using a vector impedance meter, the values 
for C3 and C4 were measured to give a reasonable input 
match at 30 MHz, (Zjn = 1.62 - j 0.21 x 2 = 3.24 - 
j 0.42) with the smallest possible phase angle. 


o- 4 , 
: t : d 
50 22 56 pF C3 470 pF C4 Secondary 
O- ! 


FIGURE 4 — Transformer Configuration 


When the high impedance side was terminated into 
50 92, the following readings were obtained at the 
secondary: 


Z2 = Input impedance of compensation network x 2 
(Rs in Figures 2. and 3) as in computer data Eresenigd 
ahead. ; 


The effect of the lower VSWR to the power loss in the 
input network can be calculated as follows: 


2 £51 20 \2 7 
1 - ST+1 where: 
10 Log 7§9-1\2 S1 = VSWR 1 (Lower) 
( 1 - ) S2 = VSWR 2 (Higher) 


| oe) 
which at 30 MHz = 10 Log Ee, 
ot ee 
1.74+ 1 
0.997 


= 10 Log ( oa | = 0.32 dB, 2.7 -0.32 = 2.38 dB 


These figures for other frequencies are presented with the 
data below. Later, some practical experiments were done 
with moving the resonance of C5 LS5 lower, to find out if 
instabilities would occur in a practical circuit. When the 
resonance was equal to the test frequency, slight break- 
up was noticed in the peaks of a two-tone pattern. It was 
then decided to adjust the resonance to 31 MHz, where 
C5 = 560 pF, and the phase angle at 30 MHz increases to 
87°. The transducer loss is further reduced by about 0.2 dB. 

Several types of output transformer configurations 
were considered. The 12.5 Q collector-to-collector im- 


Frequency Xs VSWR Attenuation 
MHz Ohms dB 


(Above readings with. transformer 
and compensation network.) 
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FIGURE 5 — Bottom and Top of the 300 W Module Circuit Board 


pedance estimated earlier, would require a 4:1 trans- 
former for a 50 22 output. The type used here as the input 
transformer exhibits good broad band characteristics 
with a convenient physical design. However, according 
to the low frequency minimum inductance formula 
presented earlier in connection with T2, the initial per- 
meability required would be nearly 3000, with the largest 
standard core size available. High permeability ferrites are 
almost exclusively of Nickel-Manganese composition, and 
are lossy at radio frequencies. Although their Curie points 
are higher than those of lower permeability Nickel-Zinc 
ferrites, the core losses would degrade the amplifier 
performance. With the core losses being a function of the 
power level, these rules can sometimes be disregarded in 
low power applications. ’ 

A coaxial cable version was adapted for this design, 
since the transmission line type transformers are theoret- 
ically ideal for RF applications, especially in the 1:4 
impedance ratio. A balanced to unbalanced function 
would normally require three separate transmission lines 
including a balun (5) (6). It appears that the. third line 
can be omitted, if lines a and b (Figure 3) are wound on 


separate magnetic cores, and the physical length of the 


lines is sufficient to provide the necessary isolation 
between the collectors and the load. In accordance to 
formulas in (7), the minimum line length required at 
2 MHz, employing: Stackpole 57-9074 or equivalent 
ferrite toroids is 4.2”, and the maximum ‘permissible 
line length at 30 MHz would be approximately 20’. 
The 4.2” amounts to four turns on the toroid, and meas- 
ures 1.0 wH, which in series with the second line is suffi- 
cient for 2 MHz. Increasing the minimum required line 


where: © 


length by a factor of 4 is still within the calculated limits, 
and in practical measurements the isolation has been 
found io be over 30 dB across the band. The main advan- 
tage with this arrangement is a simplified electrical and 
physical lay-out. . 


The maximum flux densit 


increased beyond the point where the flux density of the 
magnetic core is the power limiting factor. 

The 1:4 output transformer is not the optimum in 
this case, but it is the closest practical at these power 
levels. The optimum power output at 50 ‘ supply voltage 
and 50 $2 load is: 


VRMS = 4 x (Vcc- VCE(sat) x 0. 707) = 135. 1S V, when 

VCE(sat) = 2 V 

135.75 
50 | 


The optimum Vcc at Pout = 300 W would be: 
Vcc = VCE(sat) + G/ Rin X 2 Pout) = 2 + G/ 6.25 x 300) 
» AS VER ane Yee aia 


The above indicates that the amplifier sees a lower load 
line, and the collector efficiency will be lowered by 1-2%. 
The linearity at high power levels is not affected, if the 
device hFE is maintained at the increased collector 
currents. The linearity at low power levels may be slightly 
decreased due to the larger mismatch of the output circuit. 

The required characteristic line impedance (a and b, 
Figure 3) for a 1:4 impedance transformer is: Rin RL = 
/ 12.5 x 50 = 25 Q, enables the use of standard miniature 
25 92 coaxial cable (i.e., Microdot 260-4118-000) for the 
transmission lines. The losses in this particular cable at 
30 MHz are 0.03 dB/ft. With a total line length of 2 x 
16.8” (2.x 4 x 4.2”), the loss becomes 0.084 dB, or 


300 
eee -GB ane 0.084 ap)* Peele 


[= = 2.715 A, Pout = 2.715 x x 135.75 = 368.5 W 


For tive ferrite material employed, Stackpole grade 
#11 (or equivalent Indiana General Qi) the manufactur- 
ers data is insufficient for accurate core loss calculations (6), 
The By curves indicate that 100- 150 gauss is well in the 
linear region. _ 

The toroids measure 0.87” x 0.54” x 0. 25”, and the 
16.8” line length figured above, totals to 16 turns if 
tightly wound, or 12-14 turns if loosely wound. The 
flux density can then be calculated as: _ 


Vmax x 102 


Bmax 39 fn A 


= Frequency in MHz 

Total number of turns. 

Cross sectional area of the toroid in cm2. 
ee across the 50 Q load, 


300 
(39) 707 7 


86.5 x 102 


f 
n 

A 

Vv 


Bmax (for each toroid) = = 98.3 gauss 
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Practical measurements showed the core losses to be 


negligible compared to the line losses at 2 MHz and 
30 MHz. However, the losses increase as the square of 
Bmax at low frequencies. 


With the amount of HF compensation dependent upon 
circuit layout and the exact transformer construction, 
no calculations were made on this aspect for the input 
(or output) transformers. C3, C4,.and C6 were selected 
by employing adjustable capacitors on a prototype 
whose values were then measured. feos 

A photo of the circuit board is shown in Figure 5, A- 
bottom and B-top. The performance a of the 300 W 
module can be 8 seen in. Figure 6. 


Power Gain (dB) 
IMD, d3 (dB) 


Cc 
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e x 
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£ 

.O 
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FIGURE 6 — 


IMD, Power Gain, Input VSWR and Efficiency 
_ versus Frequency of a 300 W Module - : 


THE DRIVER AMPLIF IER 


The driver uses a pair of MRF427. devices, and the 
same circuit board layout as the power amplifier, with 
the exception of the type of the output transformer. 

The input transformer is equal to what is used with 
the power amplifier, but has a-4:1 impedance ratio. 
The required minimum inductance in the one turn second- 
ary (Figures 3 and 4) being considerably higher in this case, 


4x 12.5 
12.5 


4R 


af a 


LH 


the AL product of the core is barely sufficient. The 
measured inductances between a number of cores range 
3.8 -4.1 pH. | | 

This formula also applies to the output transformer, 


which is a 1:1 balun. The required minimum inductance | 


at 2 MHz is 16 wH, amounting to 11 turns on a Ferrox- 
cube 2616P-A100-4C4 pot core, which was preferred 
over a toroid because of ease of mounting and other 
physical features. Although twisted wire line would be 


good at this power level, the transformer was wound . 


with RG-196 coaxial cable, which is also used later for 
module-driver interconnections. — 


The required worst case driver output is 4 x 12 W = 


48 W. The optimum Poyt with the 1:1 oul trans- 
former is 


67.7 


YS «vans 82 x67 92 W. 


50 


The MRF 427 is specified for a 25 W power output. 
Having a good hFE versus Ic linearity, the 1 to 2 load 
mismatch has an effect of 2-3 dB in the IMD at the 10% 
power level, and. the reduced efficiency in the driver 
is insignificant regarding the total supply ‘current in 
the system.» : 

The component values for ihe base input network and 
the feedback were established with the aid of a computer, 
and information. on’ the: device data sheet, as described 
earlier with the 300 W module. The HF compensation 
was done in a similar manner as well. Neither amplifier 
employs LF compensation. C7 and C8 are de blocking 
capacitors, and their value is not critical. 


In T2 (Figure 7), b and: c represent the RE center 
tap, but are apaeed in os designs - — pany because 


FIGURE 7 


of circuit lay-out convenience and partly for stabili- 
zation purposes. — 
The test data of the driver is presented later along with 


_ the final test results. 


FIGURE 8 — Driver Amplifier Board’ Layout 
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COMBINING FOUR 300 W POWER MODULES 50 Q impedance, which sets the common input at 12.5 2. 
. This requires an additional 4:1 step down transformer to 

The Input Power Divider provide a 50 { load for the driver amplifier. Another 
The purpose of the power divider is to divide the input requirement is a O° phase shift between the input and 
power into four equal sources, providing an amount of the 50 Q outputs, which can be accomplished with 1:1 
isolation between each. The outputs are designed for balun transformers. '(a,b,c and din Figure 10.) For im- 


® 


Terminal Pins and 
Feedthroughs 


i) 


x Feedthrough Eyelets. 
© = Stand Off's 


FIGURE 9 — Component Layout of the 300 W Amplifier Module 


PARTS LIST 
(Power Module and Driver Amplifier) 


aaanenes Power Module | Driver Amplifier 


C1,C2 5600 pF _ 3300 pF.. 

C3 56 pF 39 pF 

C4 470 pF. Not Used 

cS 560 pF 470 pF 

C6 75 pF 51 pF 

C7,C8 . 0.1 WF 0.1 WF 

c9, C10 0.33 uF 0.33 uF 

C11 10 npF/150 V 10 wF/150 V 
~R1,:R2 2 x 3.9 22/% W in parallel 2x 7.5 2/% W in parallel 

R3, R4 2 x 6.8 2/% W in parallel | 2x 18 2/% W in parallel 

11, L2 Ferroxcube VK200 19/4B . Ferroxcube VK 200 19/4B 
ferrite choke ferrite choke 

L3, k4 6 ferrite beads each, 6 ferrite beads each,. 

— Ferroxcube 56 590 65/3B Ferroxcube 56 590 65/3B 


All capacitors, except C11, are ceramic chips. Values over 100 pF are 
Union Carbide type 1225 or 1813 or Varadyne size 18 or 14. 
Others ATC Type B. oS 
9:1 type, see text. . 4:1 type, see text. 
(Ferrite cores for both: Stackpole 57-1845-24B or Fair-Rite Products 
287300201 or equivalent.) 


| 7 turns of bifilar or loosely twisted wires. (AWG #20.) 
Ferrite cores for both: Stackpole 57-9322, Indiana General 
F627-801 or equivalent. 


14 turns of Microdot 260-4118-00} 11 turns of RG-196, 50 92 miniature 


25 2 miniature coaxial cable coaxial cable wound on a bobbin 
wound on each toroid. (Stack- of a Ferroxcube 2616P-A100-4C4 . 
pole 57-9074, Indiana General pot core. 


F624-1901 or equivalent.) 
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proved low frequency isolation characteristics the line 


impedance must be increased for the parallel currents. 
This can be done, without affecting the physical length 
of the line, by loading the line with magnetic material. 
In this type transformer; the currents cancel, making it 
possible to employ high permeability ferrite and a relatively 
short physical length for the transmission lines. In an 
absolutely balanced condition, no power will be dissipated 
in the. magnetic cores, and the line losses are reduced. 
The minimum required inductance for each line can be 
calculated as shown for the driver amplifier output trans- 
former, which gives a number of 16 uwH minimum at 
2 MHz. A low inductance value degrades the isolation 
characteristics between the 50 Q output ports, to main- 
tain a low VSWR in case of.a change in. the input 
impedance of one or more of the power modules. How- 
ever, because of the base compensation nétworks, the 
power splitter will never be subjected to a completely 
open or shorted load. a reel = 


50 2 Input 


tt 


~ FIGURE 10 — Four Port Power Divider — 


The purpose of the balancing resistors (R) is to dissi- 
pate any excess power, if the VSWR increases. Their 
optimum values, which are equal, are determined by the 
number of 50 Q sources assumed unbalanced at one 
time, and the resistor values: are calculated. accordingly. 

- Examining the currents with one load open, it can be 
seen that the excess power is dissipated in one resistor in 
series with three parallel resistors. Their total. value is 
50 - 12.5 = 37.5 Q. Similarly, if two loads are open, the 
current flows through one resistor in series with two 
parallel resistors, totaling 37.5 .Q. again. This situation is 
illustrated in Figurell... | ak 

Except. for.a two port power divider (5) the resistor 
values can be calculated for odd or even. number systems 
Bee cnn SS paiva t | | 


RL - Rin 


a2 R= C a1 yn er 7 
RL = Impedance of the output ports, 50 &. 
Rin = Impedance of the input port, 12.5.2. | 
n = Number of output ports properly terminated. 


a) 1 Load Open — b) 2 Loads Open ge c) 3 Loads Open. 


FIGURE 11 


Although ‘these resistor values are not critical in the 
‘input divider, the formula also applies to the output 
power combiner, where mismatches have.a larger effect 


_.in the total power output and linearity. 
The practical power divider employs large ferrite beads 


(Fair-Rite Products 2673000801 or Stackpole 57-1511-24B 
or equivalent) over a 1.2 inch piece of RG-196 coaxial 
cable. The arrangement is shown in Figure 10. Both 
above ferrite materials have a ur of about 2500, and the 
inductance for one turnisinexcessof10uH. 

The step-down transformer (T1, Figure 10) is wound 
on a Stackpole 57-9322-11 toroid with 25 Q miniature 
coaxial cable. (Microdot 260-4118-000 or equivalent.) 
Seven turns will give a minimum inductance of 4/16 HH, 
required at 2 MHz. foe oe 

For the preamplifier interface, C1 could be omitted 
in order to achieve the lowest input VSWR. 

The structure is mounted between two phenolic 
terminal strips as can be seen in the foreground of Fig- 


ure 14, providing a sufficient number of tie points for 


the coaxial cable connections. 


THE OUTPUT COMBINER 


* igs The operation’ of the output combiner is reversed from 


that of the input power divider.*In this application we 


have four -50 Q inputs and one 12.5 Q output, which is 


transformed to 50:82 by a 1:4 impedance ratio transformer. 
An arrangement similar to the. input power divider is 


employed in the combiner. The baluns consist of straight 


_ pieces of coaxial cable loaded by a sleeve of magnetic 
material (ferrite). The. line length is determined by the 
_ physical dimensions of the ferrite sleeves. The ur versus 


cross sectional area should be calculated or measured to 


~ give sufficient loading inductance. 


Straight line baluns as these have the advantage over 


“multiturn toroidal types in introducing a smaller possi- 
‘bility for phase errors, due to. the smaller length of the 


line. The largest possible phase errors occur in the input 
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and output connecting cables, whose lengths are 18” 
and 10” respectively. All four input and output cables — 


must be of equal length within approximately %4”’, and the 
excess in some, caused by the asymmetrical system layout, 
can be coiled or formed into loops. 7 
The output connecting cables between the power 
amplificr outputs and the combiner are made of low loss 
RG-142B/U coaxial cable, that can adequately -han 


gos uw Tee ec tuky idle 


AAA tes 


The balun transmission lines are also made of RG- 
142B/U coaxial cable, with an outer diameter of 0.20”. 
The line length is not critical as it is well below the maxi- 
mum length permitted for 30 MHz (7). The minimum 
inductance, as in the input divider, is 16 wH per line. 


Measurements were made between two port combiners, © 
one having the line inductance of 17 uH (7 Ferroxcube | 


768 series 3E2A toroids) and the other 4.2 wH (one 


Stackpole 57-0572-27A ferrite sleeve). The results are 


shown in Table 3. 


40.2 
40.0 


The main difference is at 2 MHz — and it was decided 
that the 29 dB of isolation is sufficient, as the high fre- 
quency isolation in either case is not much better. The 
3E2A and other similar materials are rather lossy at RF, 
and with their low Curie points, would present a danger 
of overheating in case of a source unbalance. 

Figure 12 shows the electrical design of the four-port 
power combiner. : | 


FIGURE 12 — Four Port Output Combiner 


isolation dB 
(Line Inductance 17 wH) 
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The power output with various numbers of disabled 
sources, referring to Figures 11 and 12 can be calculated 
as: vies A he : 


pi R: 


Pn -Pr 4 
ha “AK n 


where:. n = Number of Operative Sources. 
j n 


n = Total Power of Operative Sources. 


A) 
2) 
i 


Power Dissipated in Balancing Resistors. 


For one disabled source: 


PR = 250 a = 140.65, 


Pout = (250x 3)-(140.65+ 90°) 


750 - 187.5 = 562.5 W 


This is assuming that the phase errors between the active 
sources are negligible. Otherwise the formula in (7) can 


be adapted, but if the errors between the active sources 
are unequal, the situation will get rather complex. 

From above we see that 140,65 W will be dissipated 
by one of the balancing resistors and only 15.6 W by the 
other three. For this high power dissipation the resistors 


must be the type which can be mounted to a heat sink, 
and noninductive. After experiments with the “non- 


inductive’ wirewound resistors which exhibited excess 
inductance at 30 MHz and were bulky with 50 and 100 W 
ratings, thin film terminations were specially fabricated 
in-house for this application.* These terminations are 
deposited on a BeO wafer, which is attached to a copper 
flange. They are rated for 50 Wcontinuous power, but can 


- be operated at 100 or even 150 W for nonextended periods 


if the flange temperature is kept moderately low. The 
balancing resistors can be seen on the upper side of the 
combiner, which is shown in the foreground of Figure 15. 

The purpose of the step-up transformer T2, (Figure 12) 
is to transform the 12.5 Q impedance from the combiner 
up to 50 22. It is a standard 1:4 unbalanced-to-unbalanced 


_ transmission line type transformer, (6, 7, 8) in which the 


line is made of two RG-188 coaxial cables connected in 
parallel in-the manner as shown in Figure 13. 

Normally the loss in RG-188 at 30 MHz is 0.08 dB/foot. 
In this connection arrangement; the currents in both | 
directions are carried by the braid in parallel with the 
*Similar attenuators and terminations are available from 
Solitron, EMC Technology, Inc., and other manufacturers 
of microwave components. a 
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FIGURE 13 


inner conductor and the power loss is reduced to approxi- 
mately 0.025 dB/foot. The impedance becomes 25 Q, and 
depending on how close the cables are to each other 
physically, it can be as low as 22 (2. The minimum line 
inductance can be calculated as shown before, and is 
16 wH for the 50 Q side. This inductance is achieved 
by winding several turns of the dual cable line on a 
magnetic core. In contrast to the balun transformers in 
the combiner, the line currents do not cancel and the 
magnetic core must handle the full power, and must be 
made of. lower loss material. The form of a toroid was 
figured to require the shortest line length for a specific 
inductance, and out of the standard sizes, two stacked 
units resulted in a shorter line length than.a single larger 
one with similar cross sectional area. 

Six turns on two Indiana General f626-12-Q1 toroids 
give 4.8 and 23 wH for the secondary; the line length 
being 16 inches. . 

In continuous operation the core temperature was 


measured as 95-90°C. This resulted in a decision to change » 


the core material to Q2, which exhibits about 70% lower 
losses at 30 MHz. The permeability is also lower (35), 
and with the same number of turns gives only 13 wH. 


The line length could not be increased according to 
(7), and the measurements indicated no difference in 
operation at’ 2 MHz, so the Q2 toroids with the low 
- inductance were considered permanent. . 


The maximum flux density of the toroids is calculated 
as shown before: 


_ Vmax x 102° : 
Bmax ~~ 2a gauss, where: 
VV = Peak vetaee across ‘fe secondary. (50 point) 3 316.2 V 
ib Frequency in MHz (2.0) . 
n= Number of turns at the 50 Q point. (12) 
A = Core Cross sectional area (1.21 cm2) 


-316.2x 102° 


Bax 6.28 x2x 12x 1. 21 = 260 gauss 


From ‘the BH curves we can see that the linear portion 
extends to 800-1000 gauss, and the saturation occurs at 
over 3000 gauss. Comparable materials are Stackpole 
grade 14 and Fair-rite products 63. 

The core losses are minimal compared to the line 
losses, which for the 16” length amount to 0. 035 dB or 
0.81%. 

As in the input transformer, the HF compensation (2) 
was not required. The lay-out of the combiner and T2 is 


FIGURE 14—-i1kW Linear Amplifier showing the input power 
divider in the foreground, to the right is the preamplifier. Two 
of the four 300 W modules can be seen on the upper side of 

the structure. The other.two modules are shown in Figure 15. .° 


FIGURE 15 — 1 kW Linear Amplifier showing the output com- 
biner in the foreground, to the right is the 1:4 stepup transformer. 
The four balancing resistors, mounted to the heat sink, can be 
seen directly above the combining network. 


such that minimum lead lengths are obtained, and the 
structure is mounted on a PC board having feedthrough 
eyelets to a continuous ground plane on its lower side. 


MEASUREMENTS. 


Six 300 W modules. were built using matched pair 
production MRF428’s. The maximum gain distribution 
was 0.9 dB, and in the four units selected for the amplifier, 
the gain varied from 13.7 to 14.1 dB at 30 MHz, so it was 
not necessary to utilize the option of the input attenuators. 

Figure 16 shows the test set-up arrangement employed 
for testing the modules and the combined amplifier. 

The heatsink design was not optimized as it was felt to 
be outside the scope of this report; concentration was 


- made in the electrical design. However, it was calculated 


to be sufficient for short period testing under two-tone or 
CW conditions at full power. The heatsink consists of 
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FIGURE 16 — For two tone operation, a signal from an external audio oscillator is added to a signal from the T-4XB built-in oscillator, which 
has been adjusted to 800 Hz. 

During single tone testing, the external oscillator (1200 Hz) is switched off. A calorimeter wattmeter in the output can be used to calibrate 
the HP-432A''s at frequencies below ~10 MHz, where their response roll-off begins 


Input VSWR 
n(%) 


Power Amplifier, 
Pout = 1 kW CW 


-4 -3 -2 -1 1 2 3 4 
FIGURE 19 — Photo of Spectrum Analyzer Display Showing 
the IMD Products to the 9th Order. Power Output = =1kWat 
30 MHz (50 V). 
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FIGURE 18 — IMD versus Power Output FIGURE 20 — IMD versus Frequency 
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four 9” lengths of Thermalloy 6151 extrusion, each 
having a free air thermal resistance of 0.7°9C/W. They 
are bolted in pairs to two 9” x 8%” x 3/8” copper plates, 
to which the four power modules are mounted. Assuming 
a coefficient of 0.85 between two parallel extrusions, 
a total thermal resistance of 0.4°C/W is realized. Two of 
these dual extrusions are mounted back-to-back to provide 


Harmonics Below Fundamental (dB) 


90 =r 
| Poyt = 1000 W CW | ll 

(s) 80 |— Voc = ase Hl a i ail 1.5 2.0 3.0 5.0 7.0 10 15 20 30 
e n = 58% 
@ 70 {|_t 1 4 H ose “>. Frequency (MHz) 
pa] 
5 60 + > i + iT LL 4 1 FIGURE 22 — Output Harmonic Contents versus Frequency 
E | I 
KS 50 FF rT ae 
a AG ft ; . The 10:1 load mismatch was simulated with 34 feet 
se F 
5 
I 


approximately 0.9 dB at 30 MHz, representing 1.8 dB 
return loss. The coaxial was is terminated into an LC network 

consisting of a 2 x 15 — 125 pF variable capacitor and 
two inductors as shown in Figure. 23. 


. | i : — of RG-58. coaxial cable, which has an attenuation of 
2 Set : 
20 lll | | 
1.0 10 100 1000 


' Time (Minutes) 


FIGURE 21 — Heat Sink Temperature versus Time 


a channel for the air flow from four Rotron SP2A2 4” . 
fans. Two are mounted in each end of the heatsink, and 

the four fans operating in the same direction Biv. an 

air flow of approximately 150 CFM. . 

The third order harmonic is 14 dB below the fund-. 
amental at certain frequencies, as can be seen in Figure 
22. This number is typical in a four octave amplifier, and 
it is obvious that some type of output: filter is required e 
when it is used for communications purposes. FIGURE 23 — Load Mismatch Test Circuit 


NOTE: ‘The Printed Circuit Board shown is 75% of the original. 


FIGURE 24 — Circuit Board Layout of the Power 
Combiner Assembly 
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The high current mode appears at a phase angle of -90° 
and 20 (2, where the monitored individual collector 
currents increased to 6.8 A. At 50 V this amounts to 340 W, 
which almost entirely represents device dissipation. 

At 20:1 load mismatch an equal power dissipation is 
reached at a power output of approximately 650 W CW. 

Since the collector voltages remain below the device 
breakdown at the high impedance mode (+90°C, 150 2), 
it may be concluded, that the load mismatch susceptibility - 
is limited by overdissipation of the transistors. 


FIGURE 25 — Board Layout of the Power Combiner 
Transmission Line Assembly 


AIAPLIFIER 7A 


LINEAR 


GND — INPUT 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 26 — Board Layout of the 300 W Module and Driver Amplifier 


MOTOROLA RF DEVICE DATA 
6-130 


AN-758 


REFERENCES 


; 1. Ruthroff: Some Broad Band Transformers, IRE, Vol 
ume 47, August 1975. - ae 
_ 2. Lewis: Notes on Low jiinedince H.F. Broad Band 

a Transformer Techniques, Collins Radio Company, 

~ -November 1964. a 

3. Granberg, H.: Broadband Linear Power Amplifiers . 

Using Push-Pull Transistors, AN-593, MoLoner: Semi- . 
conductor Products Inc. 
4. Granberg, H.: Get 300 Watts PEP Linear a 2to 
~ 30. MHz From This Push-Pull Amplifier, EB-27, — 
Motorola Semiconductor Products Inc. 
_ 5, Granberg, H.: Broadband Transformers and Power 
~~ Combining Techniques for RF, AN-749, Motorola 

- Semiconductor Products Inc. . 

6. Hilbers: Design of H.F. Wideband Power Transformer 
Techniques, Phillips Application Information #530. 

7. Pizalis-Couse: Broadband Transformer Design for 
RF Transistor Amplifiers, ECOM-2989, U.S. Army — 
Electronics Command, Fort Monmouth, New Jersey, 
July 1968. 

_ 8. Philips Telecommunication Review, Volume 30, No. 
4, pp. 137-146, November 1972. 

9. Hejhall; R.: Solid-State Linear Power Anpine ier 
Design, AN- 546, Motorola Semiconductor PeQaucts 
Inc. 

10. ‘Lefferson: Twisted Wire ap eansenission Line, JEEE 
Transactions on Parts, Hybrids and Packaging, Volume 
-PHP-7, No.4, December 1971. 

11. Krauss-Allen: Designing Toroidal Transformers to 
Optimize Wideband Performance, ELECTRONICS, 

pueusl 1973. 


a MOTOROLA RF DEVICE DATA 
6-131 


AN-762 


LINEAR AMPLIFIERS FOR MOBILE OPERATION 


5 


OGi ed oy 
Helge O OQ. Granberg 
RF Circuits Engineering 


INTRODUCTION 


The three versions of the amplifier described here are 
intended mainly for amateur radio applications, but 
are suitable for other applications such as marine radio 
with slight modifications. 


100 W is obtained with two MRF455’s. “MRF460 


or MRF453 is also adaptable to this design, resulting in. 


approximately 1.0 to 2.5 dB higher overall power gain 
than the values shown. The MRF454 devices which can be 
directly substituted with MRF458’s for slightly lower 
IMD, deliver the 140 W, and two MRF421 devices are 
used in the 180 W version. 

The use of chip capacitors results in good repeatability, 
making the overall design suitable for mass production. 


™~ 
a 


are -31 to -33 dB below one of the two test tones 
(7) with a 13.6. V supply. This device has the highest 


figure of merit (ratio of emitter periphery and base area), 


which correlates with the highest power gain. 

The maximum dissipation is 250 Watts, and the maxi- 
mum continuous collector current is 20 A. The minimum 
recommended collector idling current is 100 mA, and like 


- ‘the MRF421, can be operated in Class A. 


There are several precautions and design hints to be. 


taken into consideration regarding transistor amplifiers: 


1. Eliminate circuit oscillation. Oscillations may cause 
overdissipation of the device or exceed the break- 
down voltages. . : 

. Limit the power supply current to pre vent excessive 
dissipation. 


. Ensure proper attachment of the device to a heat- 


sink using Silicone grease (such as Corning 340 or 
GC Electronics 8101) to fill all thermal gaps. 


THE TRANSISTORS 


The MRF421 with ; a specified power output of 1 100W 
PEP or CW is the largest of the three RF devices. : 


The maximum dissipation limit is 290 Watts, which means 
that the continuous collector current could go as high 
as 21.3 A at 13.6 V operated into any load. The data 
sheet specifies 20 A; this is actually limited by the current 
carrying capability of the internal bonding wires. The 
values given are valid at a 25°C mount temperature. 
~The minimum recommended collector idling current 
in Class AB is 150 mA. This can be exceeded at the 
expense of collector efficiency, or the device can be 
operated in Class A at an idling current of approximately 
one fourth the maximum specified collector current. This 
rule of thumb applies to most RF power transistors, 
although not specified for Class A operation. 
The MRF454 is specified for a power output of 80 W 
CW. Although the data sheet does not give broadband 
performance or IMD figures, typical distortion products 


. Adopt protective circuitry, sigh as fast Actne ALC. 


The data sheet: specification for the MRF455 is 65 W 
CW, but it can be operated in SSB mode, and typically 
makes -32,to -34 dB IMD in reference to one of the two 
test tones at 50 W PEP, 13.6 volts. It contains the same 


die as MRF453.and MRF 460, but is tested for different 


parameters and employs a smaller package. The 
MRF455/MRF453/MRF460 has a higher figure of 
merit than the two devices discussed earlier. Iue to this 
and the higher associated impedance levels, the power 


‘gain exceeds that of the MRF454 and MRF421 in a 


practical circuit. The minimum recommended collector 


hit pan ha 


5 AB, out Can oe 


g current is 4U mA for Clas 


| ineweesed up to 3.0 A for Class A operation. 


‘It should be noted that the data sheet figures for power 
gain and linearity. are lowered when the device is used 
in multi-octave. broadband circuit. Normally the device 
input and output impedances vary by at least a factor of 


three from 1.6 to 30 MHz. Therefore, when impedance 


correction networks are employed, some of the power 


| _ gain and linearity must be sacrificed. 


The input correction network can be designed with 


~RC.or RLC combinations to give better than 1 dB gain 
| flatness across the band with low input VSWR. In a low- 


voltage system, little can be done about the output 
without reducing the maximum available voltage swing. 

At power levels up to 180 Watts and 13.6 V, the peak 
currents approach 30 A, and every 100 mV lost in the 
emitter grounding or collector dc feed also have 


- a significant effect in the peak power capability. Thus, 


these factors must be emphasized in RF power circuit 
design. 


THE BASIC CIRCUIT 


Figure 1 shows the basic circuit of the linear amplifier. 
For different power levels and devices, the impedance 
ratios of Tl and T3 will be different and the values of 
R1, R2, R3, R4, R5, Cl, £2, C3, C4 and C6 will have to 
be chaneed: 
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' . FIGURE 1 — Basic Circuit of Linear Amplifier 


The Bias Voltage Source. 


The bias voltage source uses | ‘active components 
(MC1723G and Q3) rather than the clamping diode system 
as seen in some designs. The advantages are line voltage 
regulation capability, low stand-by current, (21.0 mA) and 
wide range of voltage adjustability. With the component 
values shown, the bias voltage is adjustable from 0.5 to 
0.9 Volts, which is sufficient from Class B to Class A oper- 
ating conditions. 


In Class B the bias voltage is sania to the transistor ; 
VBE; and there is no collector idling current present - 


(except small collector-emitter leakage, IcEs), and the 
1800. 


=~ mandast 


an Ana nts 
COnauction alipiv is 


In Class A the bias is adjusted for a collector idling 
current of approximately one-half of the peak current in 
actual operating conditions, and the conduction ange 
is 360°. | 

In Class AB, (common for SSB amplifiers) the bias is 
set for a low collector quiescent current, and the con- 
duction angle is usually somewhat higher than 180°. 

The required base bias current can be approximated as: 


Ic , 
hFE. 
where: . 


Ic = = Collectoi current, assuming an ‘efficiency of 50% 
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2P _ 
and Poyt of 180 Wi is Vice “36° 
hFR = Transistor dc beta (typical 30, from data sheet) 


: 26.47 
Bias current = 


aT =0.88 A 


shares the dissipation with Q3, and its value must 
voltage never drops below 


3.6-2) 
0.88 


Riz 
be such that the collector 
approximately 2.0 V Ces 13.2 2). The 
MRF421 devices used for this design had hfg values on 
the high side (45), and R12 was calculated as 2002, which 
is also sufficient for the lower power versions. 

RS determines the current limiting characteristics 
of the MC1723, and 0.5 Q will set the limiting point 


to 1.35 A, + 10%. 
For SSB operation, excluding two-tone testing, the 


the circuit board. | 

The’ measured output voltage variations of the bias 
source from zero to 1.0 A were + 8-12 mV resulting 
in a source impedance of ~ 30 mQ. 


The Input Frequency Correction Network 


_ The input correction network consists of Rl, R2, C2 
and C3, With the combination of the negative feedback 
derived from LS through R3 and R4 (Figure 1), it forms 
an attenuator with frequency selective characteristics. At 
30 MHz the input power loss is 1-2 dB, increasing to 
10-12 dB at 1.6 MHz. This compensates the gain variations 
of the RF transistors over the 1.6 to 30 MHz band, result- 
ing in an overall gain flatness of approximately +1.0 to 
+1.5 dB. 

Normally an input VSWR of 2.0:1 or lower (Figure 8) 
is possible with this type of input network (considered 


sufficient for most applications).. More sophisticated 


FIGURE 2 — Photograph of 180 W Version of the Linear Amplifier 


duty cycle is low, and the energy charged in C11 can 
supply higher peak bias currents than required for 
180 W PEP. | . 

It is possible to operate the basic regulator Circuit, 
MC1723, at lower output voltages than specified, with 
modified component values, at a cost of reduced line 
and output voltage regulation tolerances which are still 
more than adequate for this application. Temperature 
sensing diode D1 is added for bias tracking with the RF 
power transistors. The base-emitter junction of a 2N5190 
or similar device can be used for this purpose. The tem- 
perature tracking within 15% to 60°C is achieved, even 


though the die processing is quite different from that 


of the RF transistors. The physical.dimensions of Case 77 
(2N5190) permits its use for the center stand-off of 


LRC networks will yield slightly better VSWR figures, 
but are more complex and sometimes require ncividual 
adjustments. 

Additional information on designing and aptunicing 
these networks can be found in reference(2). 


The Broadband Taienacss 


The input transformer T1 and the output transformer 
T3 are of the same basic type, with the low impedance 
winding consisting of two pieces of metal tubing, elec- 
trically shorted in one end and the opposite ends being 
the connections of this winding (Figure 3A). The multi- 
turn high impedance winding is threaded through the 
tubing so that the low and high impedance winding 
connections are in opposite’ ends of the transformer. 
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FIGURE 3 — Two Variations of the Input and Output Transformers (T1 and T3) 


The physical configuration can be implemented in 
various manners. 
Figure 3B. Here the metal tubing is substituted with 
copper braid, obtained from any co-axial cable of the 
proper diameter (4). The coupling coefficient between 
the primary and secondary windings is determined by the 


A simplified design can be seen in - 


length-to-diameter ratio of the metal tubing or braid, 


and the gauge and insulation thickness of the wire used 
for the high impedance winding. For high impedance 
ratios (36:1 and higher), miniature co-axial cable where 
only the braid is used, leaving the inner conductor dis- 
connected gives the best results. The high coefficient 
of coupling is important only at the high-frequency 
end of the band, e.g. 20 to 30 MHz. Additional informa- 
tion on these transformers can be found in reference (5), 
- Both transformers are loaded with ferrite material to 
provide. sufficient low-frequency response. The minimum 


required inductance in the one turn winding can be ~ 


calculated as: 
Re ya 
a Ole 
L=InductanceinyH 
R= Base-to-Base or Collector-to- 
_ Collector Impedance - 
_£= Lowest Frequency inMHz 


where 


313 


6.28 x 1. 


Then: L= iz 


= 0.31 wH 


For the output transformer having a 25:1 impedance 


0.20 uwH. 


Been Swe 
6.28 x 1.6 


It should be noted that in the lower power versions, 


ratio to 450 Q interface, L= 


where the input and output impedances are higher and 


the transformers have lower impedance ratios, the required 
minimum inductances are also higher. 

T2, the collector choke supplying the dc to each 
collector, also provides an artificial center tap for T3. 
This combination functions as a real center tapped trans- 
former with even harmonic cancellation. T2 provides 
a convenient low impedance source for the negative 
feedback voltage, which is pence from a separate one 
turn winding. 


’ T3 alone does not have a true ac center tap, as dieies is 


_ Virtually no magnetic coupling between its two halves. 
If the collector dc feed is done through point E (Figure 1) 


without T2, the IMD or power gain is not affected, but 
the even harmonic suppression may be reduced DY as much 


as 10 dBat the lower frequencies. 


_ For example, in the 180 Watt version the input trans-.. 


former is of 16:1 impedance ratio, making the secondary 


impedance 3.13 Qwith a 50 Q interface. 


The characteristic impedance of ac and bd (12) should 


equal one half the collector-to-collector impedance but 


is not critical, and for physical convenience a bifilar 
winding is recommended. 

The center tap of T2 is actually bc (Figure 1), but 
for stabilization purposes, b and c are separated by RF 
chokes by-passed individually by C8 and C9. ; 
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TABLE 1 — Parts List 


le ound 100 W AMPLIFIER 140 W AMPLIFIER 180 W AMPLIFIER 


51 pF 
5600 pF 


51 pF 
5600 pF 


82 pF 
6800 pF 


with similar magnetic characteristics and 0.175” sq. total cross sectional area. See text. — 
All capacitors except C12, part of C5 and the electrolytics are ceramic chips. 

Values over 82 pF are Union Carbide type 1225 or Varadyne size 14. 

Others are type 1813 or size 18 respectively. 


Ga as 390 pF ‘| 1000 pF. 
| cs | 680 oF 689 pF 680 pF 
H cs | 1620 pF (2 x 470 pF 1760 pF (2 x 470 pF | 1940 pF (2 x 470 pF 
: | chips + 680 pF dipped chips + 820 pF dipped = |_—s chips + 1000 pF dipped 
i mica in parallel) mica in parallel) | mica in narallel) | 
I c8,co (0,68 HF 0.68 UF 0.68 WF 
C10 — 100 HF/20 V 100 pF/20 V 100 wF/20 V 
electrolytic electrolytic electrolytic 
C11 s 500 HF/3 V 500 wF/3 V 500 uF/3 V 
electrolytic electrolytic electrolytic 
C12 1000 pF disc ceramic 1000 pF disc ceramic 1000 pF disc ceramic 
{ Ri, R2 2 x 3.9 2/% W in parallel 2x 3.6 2/% W in parallel 2 x 3.3 2/% W inparalle! 
R3, R4 2 x 4,7 2/% W in parallel 2x 5.6 2/% W in parallel 2 x 3.9 2/% W inparallel 
R5 1.02/%W 0.5 2/% W 0.5.2/% WwW 
R6 1.0k2/%W 1.0k2/%W 1.0k2/%W 
R7 i ; 18 kQ/4%W 18 kQ/%W 18 kQ/AW 
R8 8.2kQ/%W 8.2k2/%W 8.2k2/%W 
R9 1.0 k& trimpot 1.0 kQ trimpot 1.0 kQ2 trimpot 
R10 150 2/% WwW 150 O/”%W 150 2/%W 
R11 1.0 k82/% W 1.0 kQ/%W 1.0 k2/%W 
R12 20 82/5 W 20 22/5 W 20 2/5 W 
L1, L2 Ferroxcube VK 200 19/4B ferrite choke 
L3, L4 Two Fair-Rite Products ferrite beads 2673021801 or equivalent on 1 AWG #16 wire each. 
L5 1 separate turn through toroid of T2. 
T1 9:1 (3:1 turns ratio) | 9:1 (3:1 turns ratio) 16:1 (4:1 turns ratio) 
Ferrite core: Stackpole 57-1845-24B8, Fair-Rite Products 2873000201 or two Fair-Rite 
Products 0.375" OD x 0.200” ID x 0.400’, Material 77 beads for type A (Figure 3) 
transformer. See text. | “33 
T2 6 turns of AWG #18 enameled, bifilar wire 
Ferrite core: Stackpole 57-9322, indiana General F627-8 Q1 or equivalent. 
T3 16:1 (4:1 turns ratio) | 16:1 (4:1 turns ratio) | 25:1 (5:1 turns ratio) 
Ferrite core: 2 Stacknole 57-2228 ferrite sleeves (7D material} of murmiber Of iorvids 
{ 


MRF453, 
MRF460, MRF455 


c. 


data. 


GENERAL DESIGN CONSIDERATIONS 


As the primary and secondary windings of T3 are 
electrically isolated, the collector dc blocking capaci- 
tors (which may also function as low- -frequency compen- 
sation elements) have been omitted. This decreases the 
loss in RF voltage between the collectors and the trans- 
former primary, where every 100 mV amounts to approxi- 
‘mately 2 W in output power at 180 W level. The RF 
currents at the collectors operating into a 2Q load are 


extremely high, e.g.: IRF = eas = 9.5 A, or peak 
95 _ 
0.707 ~ 13.45 A. 


Similarly, the resistive losses in the collector dc voltage 
path should be minimized. From the layout diagram of 


Dotted line in performance 


MRF454, MRF458, 


2N5989 or equivalent 
2N5190 or equivalent 
Not Used 


Dashed line in performance 
data. 


MREAD4 


b. a. 
_ Solid line in performance 


data. — 


the lower side of the circuit board (Figure 4), Vcc is 
brought through two 1/4” wide runs, one on each side 
of the board. With the standard 1.0 oz. laminate, the 
copper thickness is 1.4 thousands of an inch, and their 
combined cross sectional area would be equivalent to 
AWG #20 wire. This is not adequate to carry the dc 
collector current which under worst case conditions can 


be over 25 A. Therefore, the high power version of this — 


design requires 2 oz. or heavier copper laminate, or 
these runs should be reinforced with parallel wires of 
sufficient gauge. 

The thermal design (acierminiag the size and type 
of a heat sink required) can be accomplished with infor- 
mation in the device data sheet and formulas presented in 
references 5 and 6. As an example, with the 180 W unit 
using MRF421’s, the Junction-to-Ambient Temperature 


MOTOROLA RF DEVICE DATA 
6-136 


AN-762 


Ty -T 


A 
p where: 


(R@JA) is calculated first as RoJA = 


Ty =Maximum Allowed Junction Tempersre ( 5 oe) 
Ta = Ambient Temperature Coe 


P = Dissipated Power =) x (100 - ms 
n = Collector Efficiency %). 


If the worst case efficiency at 180 W CW is 55%, then 


150 - 40 | 


148 


P = 148 W, and Raja = 
a, 7. 


=] 49° c/w (for one 


Loops can be provided for current probe measurements. 


SB ARPUEE \o-S2 ea | 


© - 


Board Stand Off’s 


Terminal Pins and Feedth roughs 


Feedthrough Eyelets — 


‘Then Rp S A= 


device). The Heat Sink-to-Ambient Thermal Resistance, 


-Resa= Reta -(Rejc + Recs) where: Rejc = Device 
. Junction- to-Case Thermal Resistance, oo (from 


data sheet). 


Recs. = “Thermal | ee Caie- to- Heat Sink, 
0.1°C/W (from table i in reference >) ee ee 


149 - (0.604011). 


> =0, 3950 cw 


This number can be used to. Cae a Sibi. heat sink 
for’ the amplifier. The information ‘is given. by ‘most 
manufacturers for. their standard. heat sinks, -or specific 


lengths: of extrusion. As an example, a-9.1‘’ length of 


thermalloy- 6153 or a 7.6” length of Aavid Engineering 


60140. extrusion. would. be required for 100% duty cycle, 
, unless the air velocity is. increased by a fan or other means. 


* The Ride. figure of 0. 875°C/w given for the MRF421 is in error, 
and will be corrected in the future ILO of the data sheet. 


FIGURE 4 — Component Layout of the Basic Amplifier 
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IMD (dB) 


Power Output (Watts, PEP) 


FIGURE 6 — Intermodulation Distortion versus Power Output 


FIGURE 5 — An Example of the IMD Spectral Display 
(c. Power Output = 180 W PEP, 30.00 MHz) 


The Two Tones Have Been Adjusted 6 dB Below the Top Line, 
and:the Distortion Products Relative to o Peak Power can be 
mada Read on the Scale. 


PERFORMANCE AND MEASUREMENTS 

The performance of each amplifier was measured 
with equipment similar ‘to what is described in reference . 
(2). The solid. lines in Figures . 6, 7,8 and 9. represent 
the 100 W unit, the dashed lines represent the 140 W.unit, 
and the dotted lines refer to the 180 W version. The data 
presented is typical, and spreads in the transistor hFE’s - 
will result in slight variations. ‘in RF power zal (Fig- 
ure 7). : 

The performance data is also affected by thie: purity c 
of the driving source. There should be at least 5—6 dB 12 c 
IMD. margin .to the. “expected power amplifier speci- . ae ar Pee ae 
fication, and a harmonic suppression of 50 dB minimum ee “Frequency (MHz) ses 
below the fundamental is recommended (7). | oe FIGURE 7 — IMD and Power Gain versus Frequency: 

The IMD measurements were done in accordance 
to the E.I.A. proposed standard, commonly employed 
in Ham Radio and other commercial equipment design. 
The distortion products are referenced to the peak power, 
and adjusting the tone peaks 6 dB below the 0 dB line 
on the spectrum analyzer screen (Figure 5) provides 
a direct reading on the scale. 


intermodulation 
Distortion (dB) 


Power Gain (dB) 


The collector efficency under two tone test condi- 
tions is normally 15 — 20% lower .than at CW. The load 
line has been optimized for the peak power (as well as 
possible in a broadband system with transformer imped- 
ance ratios of 4:1, 9:1, 16:1, 25:1, etc. available), which 
at SSB represents ‘a aalic: duty cycle, and the power 
output varies between zero and maximum. Typical eee 
figures are 40 — 45% and 55 — 65% respectively. _ | 

The stability and load mismatch susceptibility were 
tested at 15 and 30 MHz employing an LC network (2) 
to simulate high and low reactive loads at different phase 1. 
angles. The maximum degree of load mismatch was con- 
trolled by placing high power 50-Ohm attenuators iS Frequency (MHz) 
between the amplfiier output and variable LC network. FIGURE 8 — Input VSWR and Collector Efficiency versus Frequency 


Collector Efficiency 
(%) 


Input VSWR 
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Output Harmonic Contents (Odd Order) 
_. Below CW. Carrier Level (dB) 


Cima 
oy ie el 
2 en Pee a Ee 
eae ee 


Frequency (M Hz) 


FIGURE 9— Output Harmonic Contents (Odd Order) 
a ee . versus cee br 


A 2 dB attenuator limits the output VSWR to 4. 5: 1, 3 dB 
to 3.0: i 6 dB to 1.8: 1 etc, assuming that the simulator 
is capable of infinite VSWR at some phase angle. The 
attenuators for -1.0 dB or less were constructed of a 
length of RG-58A co-axial cable, which at 30 MHz has an 
attenuation of 3.0 dB/100 ft. and at 15 MHz 2.0 dB/100 ft. 
Combinations | of the cable andthe resistive attenuators 
can be used to give various degrees of total attenuation. 

The tests indicated the 100 W and 140 W amplifiers 
to be stable to 5:1 output VSWR at all phase angles, 
and the 180 W unit is stable to 9:1. All units passed a load 
mismatch test at full rated CW power at an output load 
mismatch of 30:1, which they were subjected to, until 
the heat sink temperature reached 60°C. For this, the 
load. mismatch simulator was ‘motor driven with a 2 
second ‘cycle period. : : 


Output Filtering 

Depending on the sapligation. harmonic suppression 
of -40 dB to -60 dB may be required. This is best accom- 
plished with low-pass filters, which (to cover the entire 
range) should have cutoff frequencies e.g. 35 MHz, 
25 MHz, 15 MHz, 10 MHz, 5.5 MHz and 2.5 MHz. 

The theoretical aspect of low-pass filter design is well 
covered in the literature (8). 

A simple Chebyshev type constant K, 2 pole filter 
(Figure 10) is sufficient for 40 — 45 dB output harmonic 
suppression. 


FIGURE 10 


The filter is actually a dual pi-network, with each pole 
introducing a -90° phase shift at the cutoff frequency, 
where L1, L2, C1 and C3 should have a reactance of 


‘NOTE: The use of these amplifiers is illegal for Class D Citizens 
band service. 


50 Ohms, and C2 should be 25 Ohms. If C2 is shorted, 
the resonances of L1C1 and L2C3 can be checked with a 
grid- dip meter or similar instrument for their Tesonant 
frequencies. 

The calculated attenuation for this filter is. 6 0 “dB 


- per element/octave, or -45 dB for the 3rd harmonic. 


In practice, only -35 to -40 dB was measured, but this 


was due to the low Q values of the inductors. (approxi- 
mately 50). Air core inductors: give excellent results, 
but toroids’ of magnetic materials such as Micrometals 
grade 6. are also. suitable at frequencies below 10. MHz. 


Dipped mica-capacitors can be used throughout. | 
If the filters are correctly designed and the domponent 


> taicrancee are 5% or better, the Dae: loss will be less 


that: 1.0 dB: 


: SUMMARY 


The basic circuit layout (Figure 1) ee Been. suCcCcess- 
fully adopted by several equipment. manufacturers. Minor 
modifications may be necessary depending on. the avail- 
ability of specific components. For instance, the: ceramic 
chip capacitors may vary in physical size between various 
brands, and — recent experiments show that values 
> 0.001 pF can be substituted with unencapsulated 
polycarbonate - stacked-foil capacitors. These capacitors 
are available from Siemens Corporation (type B32540) 


and other sources. Also T1 and T2-can be constructed — 


from stacks of ferrite toroids with similar material char- 
acteristics. Toroids are normally stock items, and are 
available from most ferrite suppliers. } 

. The above is primarily intended to give an example of 
the device performance i in non-laboratory conditions, thus 
eliminating the adjustments from unit to unit. 
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‘The PCB layout below is a supplement to Figure 4 and may be used for generating printed 
circuit artwork. 


NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 11 — Printed Circuit Board Layout 
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LOW-DISTORTION 1.6 TO 30 MHz SSB DRIVER DESIGNS 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering | 


GENERAL CONSIDERATION. 


Two of the most important factors to be considered in 
broadband linear amplifier design are the distortion and 
the output harmonic rejection. 

The major cause for intermodulation distortion is 
amplitude nonlinearity in the active element. The -non- 


linearity generates harmonics, and the fundamental . 


odd-order products are defined as 2f1-f2, 2f2-f], 
3£2-2f2,. 3¢2-2f1, etc., when a two-tone test signal is 
used. These harmonics may not always.appear in the 
amplifier output due to filtering and cancellation effects, 
but are generated within the active device. The amplitude 
and harmonic distortion cannot really be distinguished, 
except in a case of a cascaded system, where even-order 
products in each stage can produce odd-order products 
through mixing processes that fall in the fundamental 
region.” This, combined with phase distortion —which in 
practical circuits is more apparent at higher frequencies — 
can make the distortion analysis extremely difficult ;>»? 
whereas, if only amplitude distortion was present, the 
effect of IMD in each stage could easily be calculated. 

In order to expect a low harmonic output of the power 
amplifier, it is also important for the driving source to be 
harmonic-free. This is difficult in a four-octave bandwidth 
system, even at 10-20 watt power levels. Class A biasing 
helps the situation, and Class A push-pull yields even better 
results due to the automatic rejection of even harmonics. 

Depending on the application, a full Class A system is 
not always feasible because of its low efficiency. The 
theoretical maximum is 50%, but practical figures are not 
higher than 25% to 35%. It is sometimes advantageous 
to select a bias point somewhere between Class AB and A 
which would give sufficiently good results, since filtering 
is required in the power amplifier output in most 
instances anyway. 

In order to withstand the high jevel of steady dc bias 
current, Class A requires a much larger transistor die than 
Class B or AB for a specific power output. There are 
sophisticated methods such as generating the bias 
voltage from rectified RF input power, making the dc 
bias proportional to the drive level.' This also yields 
to a better efficiency. 


20 W, 25 dB AMPLIFIER 
WITH LOW-COST PLASTIC DEVICES 


The amplifier described here provides a total power 
gain of about 25 dB, and the construction technique 
allows the use of inexpensive components throughout. 
The plastic RF power transistors, MRF475 and MRF476, 
featured in this amplifier, were initially developed for the 
CB market. The high manufacturing volume of these 


TO-220 packaged parts makes them ideal for applications 
up to 50 MHz, where low cost is an important factor. 

The MRF476 is specified as a 3-watt device and the 
MRF475 has an output power of 12 watts. Both are 
extremely tolerant to overdrive and load mismatches, 
even under CW conditions. Typical IMD numbers are 
better than -35 dB, and power gains are 18 dB and 12 dB, 


‘respectively, at 30 MHz. 


The collectors of the transistors are electrically con- 
nected to the TO-220 package mounting tab which must 
be isolated from the ground with proper mounting 
hardware (TO-220 AB) or by floating heat dissipators. 


_ The latter method, employing Thermalloy 6107 and 6106 


heat dissipators, was adapted for this design. Without 
an airflow, the 6106 and 6107 provide sufficient heat 
sinking for about 30% duty cycle in the CW mode. 
Collector idle currents of 20 mA are recommended for 
both devices, but they were increased to 100 mA for 
the MRF475 and to 40 mA for the MRF476 to reduce 
the higher order IMD products and to achieve better 
harmonic suppression. 


FIGURE 1 


Biasing and Feedback 


The biasing is achieved with the well known clamping 
diode arrangement (Figure 2). Each stage has it own 
diode, resistor, and bypass network, and the diodes are 
mounted between the heat dissipators, being in physical 
contact with them for temperature-tracking purposes. 
A better thermal contact is achieved through the use of 
silicone grease in these junctions. 
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R1, R4 — 10 Ohms, 1/4 W 

R2, R3 — 30 Ohms, 1/4 Ws. 
-R5, RG — 82 Ohms, 3 W (Nom.) 
R7 — 47 Ohms, 1/4 W 

R8, R11 — 6.8 Ohms, 1/4 W 
R9, R10 — 15 Ohms, 1/4 W 
R12 — 120 Ohms, 1/4 W 


C1 — 39 pF Dipped Mica 

C2, C3 — 680 pF Ceramic Disc 

C4, C10 — 220 uF, 4 V, Tantalum 

C5, C7, C11, C13 — 0.1 WF Ceramic Disc 
C6 — 56 pF Dipped Mica 

C8, C9 — 1200 pF Ceramic Disc 

C12, C14 — 10 UF, 25 V Tantalum 


C11 


WES 


RFCS — Ferroxcube VK200 19/4B 
RFC1, 2,3,4—10 MH Molded Choke 


Mr AnrnnnaARnaA 


Ferroxcube #56 590 65/3B) 
D1, D2 — 1N4001 


Q1, Q2 — MRF476 
Q3, 04 — MRF475 


T1,72 —4:1 Impedance Transformer 
T3 — 1:4 Impedance Transformer 


FIGURE 2 


The bias currents of each stage are individually adjust- 
able with RS and R6. Capacitors C4 and C10 function as 
audio-frequency bypasses to further reduce the source 
impedance at the frequencies of modulation. 

This biasing arrangement is only practical in low and 
medium power-amplifiers, since the minimum current 
required through the diode must exceed Ic¢/hfe. 

Gain leveling across the band is achieved with simple 
RC networks in series with’ the bases, in conjunction with 
negative feedback. The amplitude of the out-of-phase 
voltages at the bases is inversely proportional to the 
frequency as a result of the series inductance in the feed- 
back loop and the increasing input impedance of the 
transistors at low frequencies. Conversely, the negative 
feedback lowers the effective input impedance presented 
to the source (not the input impedance of the device 
itself) and with proper voltage slope would equalize it. 
With this technique, it is possible to maintain an input 


VSWR of 1.5:1 or less from 1.6 to 30 MHz. 


Impedance Matching and Transformers 


Matching of the input and output impedances to 50 
ohms, as well as the interstage matching, is accomplished 
with broadband transformers (Figures 3 and 4). 


Normally only impedance ratios such as 1:1, 4:1, 9:1, 
etc., are possible with this technique, where the low- 
impedance winding consists of metal tubes, through 
which an appropriate number of turns of wire is threaded 
to form the high-impedance winding. To improve the 


. broadband characteristics, the winding inductance is 


increased with magnetic material. An advantage of this 
design is its suitability for large-quantity manufacturing, 
but it is difficult to find low-loss ferrites with sufficiently 
high permeabilities for applications where the physical 
size must be kept small and impedance levels are relatively 
high. Problems were encountered especially with the out- 
put transformer design, where an inductance of 4 wH 
minimum is required in the one-turn winding across the 
collectors, when the load impedance is 


2(VCE - VCEsat)? _ 2(13.6 - 2.5)? 
20 


= 12.3 ohms.*® 
Pout 


Ferrites having sufficiently low-loss factors at 30 MHz 
range only up to 800—1000 in permeability and the 
inductance is limited to 2.5—3.0 wH in the physical size 
required. This would also limit the operation to approxi- 


mately 4 MHz, below which excessive harmonics are 
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FIGURE 3 


Examples of broadband transformers. Variations’ of these are 
_ used in all: designs of this article . (see text). All ferrites in trans- 
formers are Fair-Rite Products Corp. #2643006301 ferrite beads. * 
The turns ratios shown ‘in Figure 4 are’ imaginary and do not 
necessarily lead to correct design Practices. 


generated, and the efficiency will degrade. One possible 
solution is to increase the number of turns, either by 
using the metal tubes for only part of the windings as 
in Figure 4B, or simply by. winding the two sets of 
windings randomly through ferrite sleeves or a series of 
beads (Figures 3C and 4C). In the latter, the metal tubes 
can be disregarded or can be used only for mounting 
purposes. T3 was eventually replaced with a transformer 
“of this type, although not shown in Figure 1. 

Below approximately 100 MHz, the input impedances 
of devices of the size of MRF475 and smaller are usually 


capacitive in reactance, and the Xz is much smaller than 


the Rs, (Low Q). For practical purposes, we can then use 
the formula V(R,? +. Xs’) to find the actual input 
impedance of the device. The data-sheet numbers for 
30 MHz are 4.5, -j2.4 ohms, and we get V(4.5? + 2.47) = 
5.1 ohms. The base-to-base impedance in a push-pull 
circuit would be four times the base-to-emitter impedance 
of one transistor. However, in Class AB, where the base- 
emitter junction is forward biased and the conduction 
angle is increased, the impedance becomes closer to twice 
that of one device. The rounded number of | 1 ohms must 
then be matched to the driver output. The drive power 
required with the 10 dB specified minimum gainis 


Pout/Log7 (Gpp/10) = 2.0 W 


and the driver output impedance using the previous 
formula is 2(11.17)/2 = 123 ohms. The 11 ohms in series 
with the gain-leveling networks (C8, R8 and C9, R11) is 
17 ohms. The closest practical transformer for this inter- 
face would be one with 9:1 impedance ratio. This would 
present a higher-than-calculated load impedance to the 
driver collectors, and for the best linearity the output load 


*Wallkill, N.Y. 12589 


Ferrite Sleeves 


“Metal Tubings a 


Ferrite Sleeves. . 


Metal Tubings 


- Ferrite Sleeves. 


Lod 
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FIGURE 4 


should be lower than required: for the optimum gain and 


_. efficiency. Considering that the device input impedance 


increases at lower frequencies, a better overall match is 
possible with a 4:1, especially since the negative feedback 
is limited to only 4 dB at 2 MHz due to its effect on the 
efficiency and linearity. 

The maximum amount of feedback a circuit can 
tolerate depends much. on the. physical layout, the 
parasitic inductances, and impedance levels, since they 
determine the phase errors in the loop. Thus, in general, 
the high-level stages should: operate. with lower feedback 
than the low-level stages. 

The maximum amount of feedback the low -level driver 
can tolerate without noticeable deterioration in IMD 
is about 12 dB. This makes the total 16 dB, but from the 
data sheets we find that the combined gain variation for 
both devices from 2 to 30 MHz is around 29 dB. The 
difference, or 13 dB, should be handled by. the ‘gain- 
leveling networks. - 

The input impedance of the MRF476 ‘IS 7. 55, -j0.65 
ohms at 30 MHz resulting in the base-to-base. impedance 
of 2x V(7.552 + 0.652) = 15.2 ohms. This, in series with 
networks R1, Cl and R4, C3 (2 x 4.4 ohms), gives 
24 ohms, and would require a 2:1 impedance ratio trans- 
former for a 50-ohm interface. However, due to the 
influence of strong negative feedback in this stage, a 
better overall matching is possible with 4:1 ratio. The 
input networks were designed in a manner similar to 
that described in Reference 8. 
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FIGURE 5 
- Component Layout Diagram of Low-Cost 20 W Amplifier 


The leads of R7 and-R12 form the one-turn feedback windings in T2 
and T3. Ferrite beads in de line can be seen located under 11 and T2. 


Measurements and Performance Data. 


At a power output of 20 W CW, all output harmonics 
were measured about 30 dB or more below the funda- 
mental, except for the third harmonic which was only 
attenuated 17 dB to 18 dB.at frequencies below 5 MHz. 
Typical. numbers for the higher order distortion products 
(dg and dj1) are in the order 0. -60 dB above 7 MHz and 
-50 dB to -55 dB at the lower frequencies. These both 
can be substantially reduced by increasing the idle 
currents, but larger heat: sinks would be necessary to 
accommodate the increased dissipation. 

The efficiency shown in Figure 6 represents the overall 
figure for both stages. Currents through the bias networks, 
which are 82/(13.6 - 0.7) = 0.16 A each, are excluded. 
Modified values for RS and R6 may have to be selected, 
depending on the forward voltage characteristics of D1 
andD2. _ 

Although this amplifier was designed to ‘Serve as 
a 1.6 to 30 MHz broadband driver, it is suitable for the 
citizens band use as well. With some modifications and 
_ design shortcuts, the ‘optimization can be concentrated to 

one frequency. 


POWER GAIN (dB) 


INPUT VSWR 


Vec=13.6V. Poy = 20 W PEP 


FREQUENCY (MHz) 


FIGURE 6 


Intermodulation distortion and: power gain versus frequency 
- (upper curves). 


. Input. VSWR and combined collector efficiency of both stages 


(lower curves). 
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R1 ~- 1 Ohm Trimpot 

R2~- 1k Ohm, 1/4 W 

R3 — Optional 

R4;.R5 —5.6 Ohms, 1/4W 
R@, R7 — 47 Ohms, 1/4 W 


C1, C2, C5, C6, C7 — 0.01 HF Chip. 


C3, C4 — 1800.pF Chip” a 
C8 ~10uF/35 V Electrolytic 


L1, L\4, L5 — Ferrite Beads (Fair-Rite Products Corp. 
#2643000101 or Ferroxcube #56 590 65/3B or equivalent) 

L2,L3 — 10 WH Moided Choke 

L6, L7 — 0.1 UH Moided Choke 


Q1 — MJE240 
Q2, 03 — MRF433 


H1 — MHW591 


T1, T2 — 4:1 and 1:4 Impedance Transformers, respectively. 
(See discussion on transformers.) Ferrite Beads are 
Fair-Rite #2643006301 or equivalent) | 


FIGURE 8 


The output matching is done with a ‘transformer 
similar to that described in the first part of this paper 
(Figures 4B, 4C). This transformer employs a multi-turn 
primary, which can be provided. with a center tap for the 
collector dc feed. In addition to a higher primary 
inductance, more effective coupling between the two 
transformer halves is obtained, -which is important 
regarding the even-order harmonic suppression. » 


28-Volt Version 


A 28-V version of this unit has also been designed with 
the MHW592 and.a pair of MRF401s. The only major 


change required is the output transformer, which should 


have a 1:1 impedance ratio in this case. The transformer 
consists of six turns of RG-196 coaxial cable wound on 
an Indiana General F-627-8-QI toroid. Each end of the 
braid is connected to the collectors, and the inner con- 
ductor forms the secondary. A connection is made in the 
center of the braid (three turns from each end) to form 
the center tap and dc feed. | 

The MRF433 and MRF401 have almost similar input 
characteristics, and no changes are necessary in the input 


circuit, except for the series feedback resistors, which 
should be 68 —82 ohms and. W. 

In designing the  gain- Jeveling networks, another 
approach can be taken, which does not involve:the com- 
puter program described in Reference 8. Although the 
input VSWR is not optimized, it has proved to give 
satisfactory results. oe | | 

The amount of negative feedback is difficult to deter- 
mine, as it depends on the device type and size and the 
physical circuit layout. The. ‘operating voltage has 
a minimal effect on the transistor input characteristics, 
which are more determined by the electrical size of the 
die. High-power transistors have lower input impedances 
and higher capacitances, and phase errors are more 
likely to occur due to circuit inductances. 


Since the input capacitance is an indication of elec- 
trical size of the device, we can take the paralleled value 
(Xp) at 2 MHz, which is Xs + (Rs*/Xs) and for MRF433 
3. $ + (9.17/3. 5) = = 27 ohms. The Xp of the largest devices 

available’ today is around 10 ohms at 30 MHz, and 
experience has shown that the maximum feedback should 
be limited to about 5 dB in ‘such case. Using these figures 
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as constants, and assuming the Gpk is at least 10 dB, we 
can estimate the amount of feedback as: 5/(10?/27) + 5 = 
6.35 dB, although only 4 dB was necessary in this design 
due to the low AGPpg of the devices. 


The series base resistors (R4 and R5) can be paieaiied 


for 4 dB loss as follows: 


(Vig x A4dB) - Vin} _ [(0.79 x 1.58) - 0.79] 


lin 0.04 
= 11.45 ohms, or 


11.45/2 = 5.72 ohms each. 


Zin(2 MHz) =V(9.1 + 3.52) = 9.75 ohms, in Class AB. 


push-pull 19.5 ohms. 
Pin = 20 W -28 dB = 20/630 = 0.032 W 
VRMS (base to base) = V(0.032 x 19.5) = 0.79 V 
lin = Vin/Rin = 0.79/19.5 =0.04 A 
AV4 dB =V [Log (4/10)] = 1.58 V 


The parallel capacitors (C3 and C4) should be selected 
to resonate with R (5.7 ohms) somewhere in the mid- 
band. At 15 MHz, out of the standard values, 1800 pF 
appears to be the closest, having a negligible reactance 
at 2 MHz, and 2.8 ohms at 30 MHz, where most of the 


capacitive reactance is cancelled by the transformer 


winding inductance. 


tt 


FIGURE 9 


POWER GAIN (dB) 


INPUT VSWR 


_= Board Standoffs 
Terminal Pins 


Feedthrough Eyelets 


Measurements and Performance Data 


The output harmonic contents of this amplifier are 


substantially lower than normally seen in a Class AB. 


system operating at this power level and having a 4.5- 


tave Co th. All except the thi 


i 
attenuated more than 30 dB across the band. Between 


LITO 


ha 
harmonics 


n 20 


Corot vw 


f, FREQUENCY (MHz) 


FIGURE 10 - 


Intermodulation Distortion and Power Gain versus Frequency 
(Upper Curves). Input VSWR and Collector Efficiency (excluding 
MHW591) (Lower Curves). 


Component Layout Diagram of 
20 W, 55 dB High-Performance Driver 


The leads of D1 and D2 are bent. to allow the diodes to contact 
the transistor mounting flanges. © 


Note that the mounting pad of Q1 must be connected to the lower 
side of the board through an eyelet or a plated through-hole. 
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has its highest amplitude (-20 to -22 dB), as can be 
expected, below 20 MHz. The measurements were done 
at an output level of 20 W CW and with 200 mA collector 


idle current per device. Increasing it to 400 mA improves 


these numbers by 3—4 dB, and also reduces the ampli- 
tudes of d5, d7,- do, and dj] by an average of. 10 dB, 
but at the cost of 2- 3 dB higher d3. 


: Vee =13.6V— 


leq = 200 mA per Device 


= 30 MHz 
a 16 Mie 
t . 


0 ~~ 40° 8.0. Wr ney 
a POWER OUTPUT (WPEP). 
FIGURE W- IMD versus Power Output a 


CONCLUSION ee 

The stability of both designs (excluding the 28 V unit) 
was tested into reactive loads using.a setup described in 
Reference 8. Both were found to be stable into'5:1 load 
mismatch up to 7: MHz, 10:1 up*to 30° MHz, except the 
latter design did not exhibit breakups even at 30:1 ‘in 
the 20-30 MHz range. If the. test is performed under two- 


tone conditions, where the power output varies from zero. 


to maximum at the rate of the frequency difference, it is 
easy to see at once if instabilities occur at any power level. 
The two-tone source employed in all tests consists of 


a pair of crystal oscillators, separated by | kHz, at each © 


test frequency. The IMD (d3) is typically -60 dB and the 
harmonics -70 dB when one oscillator” is s. disconnected 
for CW measurements. Ces 

HP435 power. meters were used with Anzac CH- 130-4 
and CD-920-4. directional couplers and - appropriate 
attenuators. Other instruments included HP141T analyzer 
system and Tektronix °7704A: oscilloscope: ‘Spectrum 
analyzer combination. 


“4, H.. Grandberg, 


| 5H. “Grandberg, a 
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The PCB layouts below are a supplement to Figures 5 and 9 and may be used for generating printed 
circuit artwork. oe 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 13 — PCB Layout of 20 W, 55 dB 
High-Performance Driver 


MOTOROLA RF DEVICE DATA 
6-148 


AN-790 


THERMAL RATING OF RF POWER TRANSISTORS 


Prepared by: 
Robert J. Johnsen 


' Reliability is of primary concern to many users of 1 transistors. The 
degree of reliability achieved is controlled by the device user because 


he determines the stress levels applied by his circuit and environmental 
conditions. This application note will permit the device user to estimate - 
transistor reliability from the circuit designer’s point of view, namely 
power dissipation and case temperature. 


Introduction 

The temperature-dependent thermal properties of 
‘silicon and beryllium oxide have been measured and 
‘documented by many laboratories during the last twenty 
years. Only in rare cases has this information been dis- 
seminated by semiconductor device manufacturers to the 
users. The purpose of this note is to clarify and correct 
some long-standing industry-wide assumptions which have 
been commonly maintained about thermal resistance and 
high temperature derating. | 

Most manufacturer’s data sheets include a single 
thermal resistance number (Rgjc) and use this number to 
calculate a linear derating constant out to some specified 
maximum junction temperature. The number cited on the 
data sheet was probably measured in the 25°C to 50°C 
range, and assumed constant over the whole range of 
temperatures up to the maximum specified junction tem- 
perature. How often have you calculated a junction 
temperature from a data sheet, as Ty = Ta + (6JC)PpD? 
Unfortunately, the thermal resistance of silicon increases 
by 80% from 25°C to 200°C. The thermal resistance of 
BeO changes by 30%, if the case temperature goes from 
25°C to 100°C. Knowledge of the basic physical prop- 
erties of the materials and the methods used to calculate 
and measure thermal resistance will assist the device user 
in transistor selection and equipment design. 


NOTE: °K = °C + 273. 


Tempe: -Dependent Therial Properties 
— Of Silicon and Beryllia | 


The temperature-dependent thermal conductivities of 
silicon and beryllium oxide are seen in Figures 1 through 
3 and Table 1. The temperature ranges are somewhat 
wider than are necessary for typical transistor operation, 
but are shown to emphasize the wide variation in thermal 
conductivities. Fulkerson et al3 tabulate the values for 
thermal conductivity .and resistivity of silicon from 
100°K to 1350°K (see Table 1), and they find that the 
thermal resistivity of silicon as a function of temperature 
can be estimated by a linear approximation over the 
temperature range shown. 


(400 - 660°K) 


I/k = -0.1171 + 2.954 X 10- 3°T (°K) (1) 
(600-1050°K) | | 
i/k = -0.9609 + 4.229 X 10-3 T (°K) (2) 


A similar least-square fit to Fulkerson’s data over the 
range 200 to 700°K, within 1%, is given pe 


(200 - 700°K) 
1/k = -0.2286 + 3.1683 X 10- 0-3 TK) (3) 


Similarly for beryllia, one can fit the data of Elston et 
al2 over the range of 200 to 800°K, with equation (4). 


(200 - 800°K) 
1/k = 1.943 X 10-5 T (°K)1.7 (4) 


where k is the thermal conductivity in units of watts/cm°K. 
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TABLE 1 — Smoothed Data for Thermal Conductivity and 
Resistivity of Silicon (Ref. 3) 


k W = 1/k 
| | (W.cm=1 deg™1) (cm deg W~1) 
| 100. [7520 ff 0.133 
i 150 ' 3.88 | 0.258 
206 | 2.44 | 0.410 
250 1.78 0.663 
| 300 1,40. 0.716. 

350 1.15 0.870 
400 0.939 1.065 _ 
. 450 0.825 1.212 
500 0.736 1.359 
550 0.663 1.508 
; 0.604 1.656 
0.555 . 1.803 . 
0.500. 1.999 
- 0.452 2.210 
0.413 2.420 
0.380 2.634 
0.351 2.845 
0.327 3.055 
0.306 3.268 
0.287 3.479 
0.273 3.65 
0.261 3.82 
0.251 3.97 
0.245 4.08 — 
0.241 4.14 
0.239 4.18 


k (WATTS/CM°K) 


1600 


0 200 400 600 800 1000 = 1200 1400 


TEMPERATURE (9K) 
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FIGURE 1 — Temperature Dependent 
Thermal Conductivity of Silicon (Ref. 1) 
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Geometric Factors and Thermal Resistance Calculation 

The thermal resistance of most silicon RF transistors is 
controlled by the bulk properties of silicon and beryllium 
oxide, geometry of the heat generating (base) areas, and 
the temperature of the heat sink (case). The interfaces 
generally are well behaved and contribute little to the 
overall total thermal resistance if the device, die and 
package elements are assembled and handled properly. 

Die temperature calculations are performed in two 
steps. The first uses the method of Linsted and: Surtey4 
to calculate the temperature distribution of a die by using 
a double Fourier series solution to Laplace’s equation. 
Figure 4 shows the device geometry and some of the 
boundary conditions. Equation (5) will calculate the 


temperature rise at any (x,y,z) point in the die, where | 


A,B,C,D,F are die and heat-generating area boundaries. 
Q is the heat input in watts, and k is the thermal conduc- 
tivity of the material in watts/cm°K (Linsted’s equation). 


2 / Q / 2BC eip(t — eXP ma (F — »)/BI _ {mrD* ( | 
+¥(- x) (so ). | ( 1 + exp (2mnF/B) *) sin ( B ) mee B 


resistivity. The calculated thermal resistance of the 


beryllia piece (fromthe previous section) is mathematically — 


divided into fifty layers, each with 1/50 of the total BeO 


thermal resistance. The first layer at the bottom is: 


assumed to have its temperature at the heat-sink ambient 
with its thermal resistance value corrected to the proper 


temperature using the equations for the temperature- - 


dependent resistivity. The power flux through the first 
layer then leads to its temperature rise, and this new 
temperature determines the thermal resistivity value for 
the second layer. Its. temperature rise is calculated, and so 


on, until the result for the top surface of the fiftieth layer 


gives the temperature rise above. the ambient for the 
beryllia piece. : 

The same. method is used for the silicon die, using the 
beryllia top surface temperature as the starting point, 
and correcting the thermal resistance of each of fifty 
layers based upon the temperature of the layer. directly 


: (_ <) (=) win (La 810 Bort ola . (=) - (=) 5 
r mA K/ \n?’B ° ’ 1 + exp (QuaF/A) | me A moe A | | ” 


— Q 4 \/1— exp anon 
r 2 2 7 x) (= )( 1 + exp (2yF) 


| ; (~) (=) (= 
-e7? sin sin cos 
A B A 


where 


-o[)+GY] 


The Fourier series solutions are amenable to computer 
calculation and converge adequately within ten to twenty 
terms. Figure 5 shows the treatment of multiple base cell 
transistors. Lines of symmetry between adjacent base cells 
are considered to be adiabatic die boundaries as assumed 
by Lindsted. The power dissipated is assumed to be 


equally shared among the several base cells. The result of | 


this calculation is the temperature rise of the silicon chip, 
assuming a constant thermal resistance for bulk silicon. 
The same model is used to calculate the temperature rise 
for the beryllia piece, using the silicon die area as the 
power dissipating area for the beryllia, again assuming 
the thermal resistance of the beryllia as a constant. The 
thermal resistances of the silicon die and the beryllia 
substrate are in series, so adding the above numbers gives 
a value for the thermal resistance of the device at a 
particular temperature and a power level low enough to 
avoid the effects of the temperature variations of the 
respective thermal resistances. 7 oo 

The second step in the thermal resistance calculation 
takes into account the temperature-dependent thermal 


= (3 


beneath it, until the top surface of the silicon die result 


gives the calculated die temperature for that particular 


case of ambient temperature and power dissipation. The 
results of these calculations indicate that the thermal | 
resistance of a given device is not a constant number, but | 


is a function of the dissipated power and the ambient 


(case) temperature. Another result is that the junction — 


temperature of a device dissipating power will rise more 
than 1°C for a 1°C rise in ambient temperature, because 
of the increase in thermal resistance: Figures 6 through 9 
show the calculated thermal resistance and die tempera- 
ture for several different devices as a function of ambient 
temperature and power dissipation. 
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FIGURE 4 — Model for Heat Flow 
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FIGURE 5 — Array of Base Areas in a Silicon Die 
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FIGURE 6 — Junction Temperature and Thermal FIGURE 7 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature Flange (Heat Sink) Temperature 
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FIGURE 8 — Junction Temperature and Thermal FIGURE 9 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, Resistance as a Function of Power Dissipated, 
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Experimental Verification 
Of Calculated: Die Temperature 
-. Actual temperature measurements are made with an 
infrared microscope, Barnes Eng. Co. Model RM2A. This 
instrument uses an indium antimonide diode photo-- 
detector at liquid nitrogen: temperatures to- measure the 
inirared radiance emitied from a 1.5 mil spoi on the 
surface being examined. The IR radiance versus tempera- 
ture curve is calibrated by measuring the radiance at 
various known temperatures monitored by a calibrated 
thermocouple while the device is heated by external 
means. An experimental calibration is necessary because 
the radiance output of the device at a given temperature is 
a function of the average emissivity in the area seen by 
the microscope, and this average emissivity isa function 
of the geometry and processing history of the device 
in question. The effective emissivity depends upon the 
relative amounts of metal and silicon and the infrared 
transparency of the varying thicknesses of SiO? glass 
in the field. of. view. The calibration data- of radiance 
versus temperature can be least-squares curve fit to an 
equation of the form T = (A)(R), where A and b are the 
fitted constants, and R the measured radiance.. 
The device is then powered up in its circuit, and the 
radiance data collected point-by-point around the surface 
of the silicon die. A computer program inputs the array 
of radiance data, calculates the actual temperature from 
the calibration equation, and prints a map of the tem- 
perature profile, as well as some statistical information 
about the temperature distribution. 
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Figures 10 through 12 are plots showing the cor- 
relation of measured to calculated temperature for several 
geometries, under various conditions of flange tempera- 
ture (30°C to 150°C), supply voltage, drive power, and 


FIGURE 11 — Actual vs Calculated Die Temperatures 
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FIGURE 12 — Actual vs Calculated Die Temperatures 
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output load magnitude and phase angles from 50 2 to 
over 30:1 VSWR. The calculated temepratures seem to be 
somewhat higher than measured at the higher power 


levels. The calculated temperatures are based on the - 


calculated power dissipation, disregarding RF losses in the 


actual loads and circuits. 


Metal Migration and Mean Time to Failure 
The calculated/observed temperature agreements are 


seen to be close enough so that the calculated temperature _ 


can be used as the basis for reliability calculations of Mean 


Time Before Failure (MTBF) for metal migration based. 


upon Black’s> work. 


MTBF = (cross section)3 7 : (6) 
I2 + £(T°) | a 


Equation (6) is the equation used for calculating metal 


migration lifetime, where the cross section refers to the. 


conducting stripe dimensions in cm2, and I is the current 
in the stripe in amps. f(T°) is an Arrhenius function of 
the stripe material, having the form: . 


(T°) = B exp(~ ¢/KT) a 


The material dependent parameters B and @ are shown in 


Table 2. K is Boltzman’s constant, and T is in degrees 
Kelvin. A series of graphs (Figures 13 through 16) have 
been constructed, one for each device, that present the 
results of the calculations of device temperature and 


FIGURE 13 — Metal Migration — MTBF 
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MTBF as a. function of power and ambient temperature. 

The temperature lines are valid for any combination of 
supply voltage, efficiency and drive power, by reading the 
power axis as power dissipated. The MTBF lines, because 


of the current dependence, have been constructed based 


upon the assumptions of 12.5-volt supply and. 50% effi- 
ciency, so that the power axis should be interpreted as 
output power. It is possible to use the MTBF set of lines 
at other ‘conditions, Enter the graphs by reading the 
power Output parameter as power dissipated, and find the 
MTBF, then scale the MTBF by the ratio square of 


_ the n= 50% current to the actual current. = 


_MTBF = MTBF (from graph) x ( L@7= 50% (8) 
a . " I actual 


TABLE 2 — Material Dependent Parameters 


a 


Al-2% CuAlloy 79x 10-17 
(Ref. 6) 


FIGURE 14 — Metal Migration — MTBF 
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FIGURE 15 — Metal Migration — MTBF | FIGURE 17 — Geometry Code to Standard Part Cross-Reference 
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_ Keeping Pp and 7 constant, then the current for 28 V 
operation compared..with that for 12.5 V- operation - 
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FIGURE 16 — Metal Migration — MTBF J 
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Similarly, for 50 V operation: 
10,000 . MTBF59 = MTBF 12.5 X 16. 


Conclusion , . 

We have discussed the elements of thermal resistance 
and metal migration lifetime with particular attention 
paid to their variation with temperature as functions 
_of power dissipation and ambient temperature. © j 

Graphical presentations of the results are included 
which should be useful to the device user who is interested 
in better reliability in his application. 
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A SIMPLIFIED APPROACH TO 
VHF POWER AMPLIFIER DESIGN 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering 


This note discusses the design of 35-W and 75-W VHF linear 
amplifiers. The construction technique features printed induc- 
tors, the design theory of which is fully. described. Complete 
constructional details, including a printed circuit layout, facilitate _ 


easy reproduction of the amplifiers. 


Solid-state VHF amplifier design can be simplified by 
employing printed or etched lines for impedance match- 
ing. The lines, having a distant ground-plane reference 
and high Z,, can be treated as lumped constant induc- 
tors, and make design and duplication easier than with 
wire-wound inductors. Oo 

An example is an optimized 35-W amplifier which 
yields over 10 dB of power gain across the 2-meter 
amateur band. It employs an inexpensive, non-internally 
matched transistor, the MRF240, which has good linear 


characteristics for SSB operation. 

A higher power version with the same board layout is 
concentrated around the MRF247, although this results 
in some compromise in the impedance matching. 

A carrier operated T/R switch (COR) is incorporated, 
allowing applications such as a: booster amplifier for 
hand-held and mobile radios. 

Both designs are biased class AB for linear operation, 
but are suitable for FM operation as well. Figure 1 shows 
the two amplifiers. 


FIGURE 1 — 35-watt and 75-watt Engineering Models | 
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GENERAL 
VHF solid state amplifier design is almost exclusively 
done with lumped constant LC matching networks. 
Broadband transformer matching is feasible when ex- 
tremely wide bandwidths are required. Transmission lines 
for impedance transformation usually require quarter- 
wave electrical lengths and make designs bulky at VHF 
unless materials with h high dielectric constant are used. 
Transmission lines can be realized with coaxial cable or 
printed lines (strip-lines) on a circuit board with a con- 
tinuous ground plane, separated by a suitable dielectric 
material. The printed airlines discussed here are, in fact, 
high characteristic impedance transmission lines which, 
for the purposes of design calculation, are treated as 
inductors; therefore the quality of the board material is 
less critical. The printed airlines also have the advantage 
of repeatability and easy access for designing multi- 
element networks. The network calculations can be done 


in the same manner as if lumped- constant, round-wire 


inductors were used. | 

Input and output impedance matching in transistor 
amplifiers is required to transform the source impedance 
(usually 50 ohms) to the low complex input impedance 
of the device. The output load impedance, which is a 
function of the supply voltage and power level, must 
also be matched to a 50- ohm load except in multistage 
driver designs. . . 

At VHF, the input and output impedances of a power 
transistor are both usually inductive in reactance (desig- 
nated as +JX in data sheets), becoming capacitive (-JX) 
at lower frequencies. For transistors such as MRF240, 
2N6084 and 2N5591, the crossover point is around 


100 MHz. This is determined by the transistor die size, . 


geometry and package type, and smaller devices can be 
capacitive up to UHF frequencies. 

Since the bandwidth required here is only a fraction 
of an octave, (140-150 MHz) the impedance matching 
can be adequately done with two section networks. In 
Figure 2, X,, which represents the +J input of the 
MRF240 transistor is not part of the external input 
matching network. C, and C¢ are dc blocking capacitors 
with measured parasitic inductances of close to 12 nH at 
the center frequency when the lead lengths are 0.1 inch. 


These inductances, as well as the relay inductance, are 
added to the values of Ly and Ls. 

If the relay were used in a 50-ohm system, it would 
result in 0.3 dB power loss due to impedance mismatch 
and losses. This can be minimized if the relay inductance 
is used as part of a resonant circuit, but the series in- 
ductance (37 nH per contact pair) obviously places an 
upper frequency limit. 

The simplest approach to matching network design is 
with a purely resistive source and load. This can be 
accomplished by compensating the +J with an equal 
amount of capacitance (—J). C3 and Cy are used to 
accomplish the compensation in Figure 2. This is not 
always practical, however, especially when maximum 
bandwidths are required. In this case, only part of the 
inductive component may be cancelled, leaving the base 
and collector still inductively reactive. In either case, it 
may be considered that part of the impedance- matching 
occurs within the. device package. itself; this is more 
obvious with internally matched devices, which are dis- 
cussed later. 


35-W LINEAR AMPLIFIER 

The MRF240 was chosen for this application due to 
its ruggedness against load mismatch and inherently high 
power gain for a non-internally matched device. The 
transistor is rated for an output power of 40 W and 
a power gain of 8 dB at i75 MHz. A typicai power gain 
at 145 MHz is 10 to 11 dB. At this frequency the input 
and output impedances of the MRF240 are 0.6 +J 0.8 
ohms and 2.0 +J 0.1 ohms respectively (Poy = 35 W). | 

Before designing the matching networks, the vaiues 
of C3 and C4 must be established to cancel the inductive 
reactance components at the base and the collector. For 
the input, the series numbers 0.6 +J 0.8 must be con- 
verted to parallel equivalent values, either by using a 
Smith chart or equations in references 3 and 4. The re- © 
sulting equivalent values are: Pee = 1.67 ohms, Xp = 1.25 
ohms or 880 pF. 

All capacitors have a series inductive reactance com- 
ponent, normally called parasitic inductance. It could be 
only a fraction of a microhenry, but at VHF its effect is 
large enough to be taken into consideration. The para- 


FIGURE 2 — Impedance Matching Network for 35 watt VHF Amplifier 
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sitic inductance results in an increased effective value 
of capacitance, and. is frequency and impedance-level 
dependent. 

The unencapsulated mica capacitors, widely used in 
VHF power applications, range from 1 to 2 nH in para- 
sitic inductance for a single plate.type, (up to 360 to 
390 pF. nominal values) depending on the mounting 


technique. Assuming a parasitic inductance of 1.5.nH,. 


the equivalent low-frequency value can be calculated 
with Equation | 1. as: | 


a 


S [Gni? Le] 103 Q) 


CEguiv = 


where C= effective capacitance required i in pF 
L= parasitic inductance in nH 
f= frequency in MHz 


Substituting the values in equation (1): 


880. 
+ [(910)? X 1.5 X 880] 10° 


CEguiv ~ 4 = 420 pF 

Thus, for the required 880 pF, a capacitor of this 
type with equivalent low-frequency value of 420 pF, or 
the closest standard (390 pF), should be used. 

Similarly, converting the output impedance (2.0 +J 
0.1 ohms) to parallel form, Rp = 2.01. ohms and Xp = 
+J 26.8 ohms. The X¢ represents a capacitance value of 
47 pF for C4 (from Equation 2), or a 43 pF nominal 
value. 


- fle 
fe ( Ke 
Qaft 


where Xc = capacitive reactance in ohms 
C = capacitance in pF... 
f = frequency in MHz 


(2) 


This high reactance in parallel with the low collector 
impedance had no noticeable effect and was completely 
omitted in later functional tests of the unit. It would be 
easy to see from a Smith chart that the resistive com- 


ponents of 1.67 ohms and 2.01 ohms remain unchanged, _ 


and can be treated as a purely resistive load and source 
for the matching network calculations. — 

_ At high frequencies the base-emitter impedance of 
the transistor die itself is always lower than the collector 
output impedance. With power devices, both can be 
only a fraction of an ohm. The input impedance is in- 
creased by the base and emitter bonding wire and package 
lead frame inductances, which are effectively in series 
with the transistor base (Figure 2, X, and X>). The 


collector has normally much less series inductance since 


it is attached directly to the package bonding pad. 
_ From this it can be seen that part of the matching 


it is obvious that the amplifier bandwidth cannot be 
accurately determined by calculating the Q values of the 
external matching networks. (See the discussion of a 
75-W linear amplifier.) | 

' As an approximation, the 3 dB bandwidth can be used - 
to obtain a. starting point. Assuming a 15 MHz band- 
width at +1. 5 dB is desired .at 145 MHz center frequency, 
a loaded Q of approximately . 9 is required. For sim- 
plicity this number is applied to both input and output 


network design. 


In Figure 2, X1- and X> represent the inductive im- 
pedance component of the transistor and are shown only - 
to. give an idea of the transistor internal structure. The 
values. of L}, Ly and Cy can be obtained from the 
Appendix, or calculated by using Equation 3: | 


XL, =RsBO 

 XLy=RyQ 
| OA ee 
i a es 


A =Rp (1 +Q?) 


B= VRS A _| 


Rg 
where Rg = source impedance 
Ry = load impedance 
For Q=9: 


XL] = RgB = 50 X 1.32 = 66 ohms. 


XL = Rp Q= 1.67 X9 = 15 ohms 
yo. A. BT. | 
XC) = 99g 7 94139 7133 ohms 


A= 1.67(1 +97) = 137 


V—A— = 1.32 


50-1 


B= 


Rg = 50 ohms, Ry. = 1.67 ohms 


7 _(_XL_\10? 
Since L= (XL ont : (4) 
where XL = inductive reactance in ohms 


L = inductance in nH 


_ £=,frequency in MHz 


_ we have from Equations 3 and 4: 


L = 73 nH 
Ly = 16 nH 
Cy = 82 pF 
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Subtracting the relay inductance (37 nH) and the 


parasitic inductance of the blocking capacitor C, (12 nH) 


from the total value of Ly, L j= 24 nH. This means the 

total printed line inductance must be Ly +15 = 24+ 16 

= 40 nH. 
Calculating 


similar manner, 


the values of the output network in a 


the values for ta, Ls and os are ob- 
and tT .! 


wrnaonn 


becomes 34 nH. 

The capacitors employed for © and C5 a are of the 
same unencapsulated mica type as C3, but smaller in 
size; and their parasitic inductance is only about 1 nH. 
The equivalent values for Cy and Cs would then be 
77 pF and 66 pF according to Equation 1. These are 
nonstandard values, and considering a 5% tolerance, a 
68 pF marked value can be used for both. 

Inductors Lj, Ly, Lq4 and Ls are comprised of etched 
lines on the circuit board. To determine their widths 
and lengths, the inductance of each line per unit length 
must be established. From the tables in the Reference 
section, it can be extrapolated that the inductance of 
#25 round wire is 24 nH per inch and #26 wire nearly 
26 nH per inch. When a ground plane is 0.15 inch below, 
which in this case is the heat sink, and the side grounds 
are off an equal distance, the inductance is about one- 
half of this, which has been verified by measurement. 

If the circuit board is made of 1-ounce, copper-clad 
inaterial, (one ounce of copper per one square foot) ihe 
copper thickness is 1.4 mils. With a one mil solder 
plating, the total thickness is 2.4 mils, and a 100-mil-wide 
strip would be equivalent to a #26 round wire having a 
Z40 square mil cross sectional area. Similarly, a i30-mii- 
wide strip would be equivalent to a #25 round wire with 
312 square mil area. A wider line would have lower 
losses but would also be physically longer for a-given 
inductance. As a compromise, a narrow line was used for 
the input in this design, and a wider line for the output, 
where the losses due to the high RF currents are more 
evident. Bends in the line have a minimal effect to the 
inductance compared to the presence of the ground 
plane. 

From the above, the resulting inductances for the 
100 mil and 130 mil lines are 13 nH per inch and 12 nH 


per inch, respectively. This means that for lj tIlha 
total length of 3.1 inches is required, and 4.4 inches for 
L4 + Ls’. Then, for Ly = 16 nH, C3 should be located 
1.3 inches from the transistor base along the input line. 
For Ly = 20 nH, C5 should be 1.6 inches from the 
collector along the output line. The Power Output and 
Efficiency vs. Power Input of the 35-W amplifier is 
shown in Figure 3 5. 


FIGURE 3 — Power Input vs. Power Output and 
Collector Efficiency of 35-W Amplifier 


Pout POWER OUTPUT, CW (WATTS) 
n, COLLECTOR EFFICIENCY (%) 


Pi,, POWER INPUT (WATTS) © 


75-.W LINEAR AMPLIFIER 


The MRF247 employed in this design is a version of 
the well-known MRF245, which has been reprocessed to 
improve the linear characteristics. It is a much larger 
device than the MRP240, resulting in lower input and 
output impedances. However, it employs internal base 
matching with a built-in MOS capacitor to bring the 
base impedance up to a level where external low loss 
matching networks can be realized. 


In Figure 4 the dashed line encircles the specially 
designed T matching network, including the metal oxide 
capacitor X4. X1, X97, and X3 represent the bonding 
wires whose inductances can be varied by controlling 
the loop heights. This network will be part of the total 
matching network designed to match the transistor to 
function in a practical circuit. 


FIGURE 4 — 75-Watt Amplifier Impedance Matching Network 


Output 
RL 
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_ Underside View of 75-W Amplifier 


‘The internal matching still leaves the input impedance 
inductively reactive. 

The MRF247 input impedance under forward biased 
conditions (100 mA) is 0.45 +J 0.85 ohms at. 145 MHz, 
which translates to 2.06 +J 1.08 ohms in parallel form. 
_A capacitive reactance of -J 1.08 ohms, converting to 
1018 pF is required for C3. The nominal value equiva- 

lent value, using Equation 1, is obtained as 450 pF. 

Since the remaining resistive component of the base 
impedance (2.06 ohms) is only slightly higher than that 
of the MRF240, only minor changes i in the input match- 
ing network are necessary. When Ly + Ly is fixed, and 
only their ratio can be varied, the resulting Q. will be 
lower for the increased Ry. If only Ly + L> is known, 
the Q can be calculated with Equation 5 as: 


_[4Xt° +(Rg?/Ry + X7?/Rp- Rg) 4(Rg - Ry]*- 2X 


2(Rs - *L 


where — : 
Xp = XLy + XLq or XLy+ XLs | 
_ Rg = source impedance Reverse for output 


Ry = load impedance network calculations 


Therefore, _ _ | : 
o=¥ [26244 + (1214 + 3185 - 50) (192)] - 162 
95.88 | 

— 928-162 _ 
Q= 95.88 7.99 | 
Q=8 
where 

Xp = XL; + XLo = 81 ohms | 

RS = 50 ohms 


RL = 2.06 ohms 


(5S) 


Then, with Equations 1, 2, 3 and 4, the values for Ly, 
Ly and. C2 can be calculated as: L} = 71 nH, Ly= = 18 nH, 
Cy = 63 pF (56 pF nearest standard). The position of C> 
will be approximately 1.6 inches from the transistor base. _ 


_ (Seé line inductance calculations in, the discussion for 


_ is required at the collector. To find the Q: 


the 35-watt amplifier.) 

The measured output impedance of MRF247 is 0. 65 
+] 0.45 ohms, which is much lower and more reactive 
than the values shown for MRF240. The output match- | 
ing must also be done with the existing total line in- 
ductance, (L4 + Ls) and it can be expected that a higher 
factor of compromise in the output matching is evident 


| regarding the network bandwidth. 


The above impedance numbers convert to 0. 96 ohms 
resistive and -J 1.39 ohms reactive in parallel form. Since 
-J 1.39 ohms = 790 pF, a nominal value of 400 pF (C4) 


XT = 94 ohms (XL + XTs) 
Rg = 0.96 ohms — 
RU = 50 ohms 


Then: 
| Q = 13.7 (Eq. 5), and: 
Lg = 13 ohms = 14 nH | 
Ls = 81 ohms = 89 nH 
C5 = 11.8 ohms = 93 pF 


A practical value of 82-91 pF can be used for Cs, 
and it should be located 1.1 inches along the output line 


from the collector, to give the above inductance values 
for Lg and Ls. 


Although the output Q is higher than the value calcu- 


lated earlier for the 40 W unit, the total bandwidth of 


this version is increased as shown in Figure 7. The input - 
matching network is usually dominant in determining 
the total bandwidth since the impedance transformation 
required is greater than the output requires, although the 
output circuit also has secondary effect. The internal 
matching elements of the device further make the total — 
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effective Q even lower than the calculated value, which 
in this case was 8. The higher output Q usually results in 
higher collector efficiency and better harmonic suppres- 
sion, but at the same time the circulating RF currents 
wili increase, resuiting in higher overall circuit losses 
which is especially noticeable at increased power levels. 
These factors are difficult to determine without know- 
ing ali the internal transistor parameters. 


FIGURE 5 — Power Input vs. Power Output and 
Collector Efficiency of 75-W Amplifier 


¢= 145 MHz 


Y_| | 
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CLASS AR RIASING AND 
OTHER CONSIDERATIONS 
The biasing system, as seen in Figure 6, uses a forward 


Elecromotive Corp. (ELMENCO) *Type MCMO01/010 
Lauter Avenue '**Type EMJ10 
Florence, S.C. 29501 


— n, COLLECTOR EFFICIENCY 


FIGURE 6 


50f2 Line 


Standex Electronics 
P.O. Box 67 
Casey, III. 62420 


current 


power is only 0.2% (VSWR = 


biased transistor, Q5, to provide a voltage source of 0.6 
to 0.7 volts. When the collector is connected to the base, 
a second current path is formed, decreasing the base 
according to the hfg, and thus lowering the 
voltage arop across the ‘base- emitier jun ction. 
manner the voltage drop can be adjusted by selecting 
the appropriate hpp for Qo. For the 2N5190 series hpp 
is typically in the range of 80-100, aithough the mini- 


int ihis 


/ mum spec is 20-25. 


Typical hpp’s for the MRF240 and MRF247 are 
50-60, and the worst case collector currents around 4A 


and 9A respectively. The minimum base currents re- 
quired, Ip(Q>) are 80 mA and 180 mA (I¢/hpp). 


_ Vcc - VBE Q2) 
Tp (Q)) 
The bias, which should not exceed 50 mA for MRF240 


= 160 ohms and 75 ohms. 


-and 150 mA for MRF247, can be further adjusted by 


varying the value of Ro, but the minimum Ip(Q>) should 
be maintained. - 
‘It should be noted that since ® is attached to the 


heat sink for temperature tracking purposes, its collector 


must be electrically isolated from the ground. The ano- 
dized surface of the heat sink is normally sufficient, or a 
separate insulating washer can be employed. 

The 0.3 dB relay insertion loss mentioned earlier 


amounts to a VSWR of 1.7:1. However, the reflected 
11- 1)i ina straight- through 


Aehe en 


mode (receive), indicating that most of the ‘relay losses 
are due to contact resistance and the dielectric insula- 


PARTS LIST 

Cy, Ce, C43 — 1000 pF, 300 V dipped mica 
Cy — 56 pF or 68 pF *, see text 
Cy, Cy — 390 pF or 470 pF ** see text 
Cs — 68 pF or 91. pF *, see text 

Cz — 1000 pF ceramic chip or smail disc 
Cg — .01 uf ceramic disc 

Cog — .1 uf ceramic disc 

C10 — 220 uf/6 V tantalum 

C44 — 3 pF dipped mica 

Cio — 10 uf/25 V tantalum 

R, ~ 10 ohms/% W carbon 

Ro — 120 to 200 ohms/3 W 

R3 - 3.3K/% W carbon 

Q, — see text 

OQ, —_ 2N5190 

Q, —- 2N4401 

Dy, 1N914 or 1N4148 

D5 — 1N4001 

Ly, Lo, La, Le — see text 
-L3z— 12T AWG #16 enameled wire, 

%" 1D. 

Lg — 10 wh, molded choke 

L. — ,33-—1.0 wh, molded choke 

RL — Arrow M, NF2-12 or equivalent— 

' ‘OMRON, L2N2-UA-DC12 
or equivalent 


* Type 3HSO006 
**Type J-101 
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tion resistance, rather than impedance mismatch. 

Both amplifier designs may be employed in FM appli- 
cations without modification. The bias networks may be 
omitted and Lg connected to ground, which modifies 
the operation to Class C. The increased input impedance 


of the device operating class C results in increased input . 


VSWR, but it will still remain less than 


1.5:1 for the 
145-150 MHz band. 


FIGURE 7 — IMD vs. Power Output 


Vec = 13.6 V 
I¢g = 50 mA 
6 = 145 MHz 


IMD, (1} INTERMODULATION DISTORTION, dB 


NPUT VSWR 


mn 
co 
| 


Gpe, POWER GAIN, (dB) 


MRF247 (75- 
Veco = 13.6 V 
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_ The two amplifiers may be connected in cascade to 
provide a total power gain of around 20 dB; however, 
an attenuator of 4 to 6 dB is required between the two 
units to prevent overdrive of the MRF247. Since 10 to 


20 watts will be dissipated in the attenuator, it cannot 


be built from discrete resistors. Most convenient, size 
and costwise, are the thin film attenuators such as those 


_ manufactured by Pyrofilm. 


The COR circuit requires 400 to 500 mW for the 
relay to switch. At this drive level, without the attenu- 
ator, the second amplifier would already produce full 
power output. a 

The COR (Figure 5) incorporates one of the standard 
circuits popular with mobile add-on amplifiers. Part of 
the RF input signal is being rectified by D,. The dc turns 
on Q3 which activates the relay. L7 and R3 provide the 
bias for Dy and Q3, and D> suppresses inductive tran- 


‘sients produced by the relay coil inductance. A time 


constant for SSB operation is provided by C19, whose 
value can be changed according to individual require- 
ments. For FM this capacitor can also be omitted along 
with the bias network. 

The repeatability of these amplifiers has been proven 
by constructing more than half a dozen units. Capacitors 
Cy and Cs were simply located within the marked areas 
on the circuit board (see Figure 9 and the photograph). 
On these capacitors, 20% tolerances can be allowed, but 
this may result in adjustments of each individual unit 
for optimum performance. 
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FIGURE 9 — Component Layout Diagram of 35W and 75W Amplifiers 
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FIGURE 10 — Printed Circuit Board Layout 


APPENDIX 


This information was originally published in Motorola 
‘Application Note AN-267, “Matching Network Designs with Computer Solutions.” 


NETWORK D 
The following is a computer solution for an RF “Tee” for C,. Variable matching may also be accomplished by 
matching network. increasing X,7 and adding an equal amount of Xc in 
Tuning is accomplished by using a variable capacitor series in the form of a variable capacitor. 


TO DESIGN A NETWORK USING THE TABLES 
1. Define Q, in column one, as Xp_1/Rj. 


2. For an Ry to be matched and a desired Q, read the 
reactances of the network components from the 
502. ge charts. 


X 


3. Xz j' is equal to the quantity Xz, obtained from 
= = the tables plus IXCou il: 


—=—- Device to 
be Matched 
4. This completes the network. 
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| 
oe eens 
'] 1 
pe; 8 : : 3 
bier 4 ié ; 9 75.5 2 
i sg | 24 9 ae 98.99 22.4 3 
g 32 9 36 1179. 28.88 4 
8 40 9 45 134.16 35.09 5 
8 48 9 54 148.66 41.09 6 
| 8 56 9 63 161.86 46.91 7 
8 64 9 72 174.07 52.56 8 
i 8 72 9 81 185.47 58.07 | 9 | 
8 80 9 90 196.21 63.45 10 
8 88 9 99 | 206.4 68.71 "1 
g 96 9 108 216.1 73.86 12 
g 104 9 117 225.39 78.92 13 
8 112 |o9 126 234.31 83.88 14 
8 120 9 135 242.9 88.76 15 
8 128 9. 144 251.2 93.55 16 
8 136 9 153 259.23 98.28 17 
8 144 9 162 267.02 102.93 18 
8 152 9 171 274.59 107.51 19 
8 160 9 180 281.96 112.03 20 
8 168 | 9 189 289.14 116.49 21 
8 176 9 198 296.14 120.89 22 
8 184 9 207 302.99 125.23 23 
s | 192 9 216 309.68 129.53 24 
8 200 9 225 316.23 133.77 25 
8 208 9 234 322.65 137.97 26 
ey 216 9 243 328.94 142.12 27 
Baek 9 252 335, ; 
8 232 Q 261 rie cose 
8 240 9. 270 347.13 154.3 30 
8 256 9 288 358.75 162.23 32 
8 272 9 306 370 170 34 
8 288 9 324 380.92 177.63. 36 
| 8 | 304 | 9 342 39154 | 198.14 AR 
8 320 | 9 360 401.87 | 19252 | 40 | 
8 336 9 378 411.95 199.78 42 
8 352 9 396 421.78 206.93 44 
8 368 9 414 431.39 213.98 46 
8 384 9 432 440.79 220.93 48 
8 400 9 450 450 227.78 50 
8 440 9 495 472.23 244.52 55 
8 480 9 540 493.46 260.74 |. 60 
| 9 585 513.81 276.51 65 
8 560 9 630 533.39 291.85 70 
8 600 9 675 552.27 306.8 | 75 
8 640 9 720 570.53 321.4 80 
3 680 9 765 588.22 335.67 85 
8 720 9 810 605.39 349.63 90 
8 760 9 855 622.09 363.31 95 
: {00 9 900 638.36 376.71 100 
; 1000 9 125 | 714.14 440.24 125 
8 Ce 9 1350 782.62 498.94 150 - 
8 he 9 1575 845.58 553.81 | 175 
8 1600 9 1800 904.16 605.54 200 
8 ae 9 2025 959.17 654.64 225 
8 2000 9 2250 1011.19 701.48 250 
8 2200 9 2475 1060.66 746.36 275 


2700 1107.93 789.51 300 
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“A 15-WATT AM AIRCRAFT TRANSMITTER POWER | 
AMPLIFIER USING LOW-COST PLASTIC TRANSISTORS” 


Prepared by 
Dave Hollander 


INTRODUCTION 


This application note describes a 15 watt carrier power, - 


amplitude modulated broadband amplifier covering the 
118-136 MHz AM aircraft band. Simplicity and low cost 
are emphasized in this design through the. use of 
Motorola’s common emitter TO-220 VHF power tran- 
sistors. The power amplifier is designed to operate from 
13.5 VDC. High level AM modulation is accomplished by 
a series modulator operating from a 27 volt supply. 


CIRCUIT DESCRIPTION 

The transmitter power amplifier has three stages using 
an MRF340 transistor as a pre-driver, a MRF342 as a 
driver, and a MRF344 as the final amplifier. All three 
devices are common emitter where the mounting tab is 
the emitter. The pre-driver stage is forward biased to 
enhance linearity and dynamic range. Amplitude modula- 
tion is applied fully to all three stages. 

The P.A. is designed to operate with 50 es source and 
load impedances. 


~ DESIGN CONSIDERATIONS | 

The design objectives are that the transmitter must be 
capable of operating. over the range of 118 to 136 MHz 
with a minimum carrier output power of 15 watts. It must 
also be capable of being amplitude modulated greater than 
+85% over the frequency range, and the transmitter 
should be free from instability. . 

Other important considerations involve the interstage 
and the output networks. The output network is to 
operate efficiently at both the carrier power of 15 watts 
and the peak power of 60 watts while providing harmonic 
suppression. The interstage networks transform the out- 
put impedance of the device to the input impedance of 


FIGURE 71 — Modulated Output Waveform of Power Amplifier 


f= 136 MHz Pcarrier = 15 Watts (2.cms) 
% Upward Modulation = 90% 


the following device during modulation of all three stages. 

_ In designing the networks, the Smith Chart is used to 
obtain initial values. These values were then epumie 
using a computer aided design program. 

Figure 2 shows a schematic cueam of the transmitter 
P.A.RF circuitry. 

The pre-driver stage uses a simple 7-section input 
matching network. Forward bias for this stage is obtained 
through the network consisting of Ry, Rp, R3, Dj, and is 
applied to Qy through Lj. The quiescent current is 


approximately 20ma for the MRF340. 
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FIGURE 2 — Schematic Diagram 


+13.5 V 
(Modulated) 


a 
Aji Capacitors ~% 500 pr 


are Dipped Mica 


D 
TT 


Out 
C1 — 200 pF C19, C21, C26 — 1uf/50V L11—7T 
C2,C3 —47 pF C20, C22, C25 — 680 pF Feed through R1 -8200 1/4 W 
C4, C5, C9, C23 — .001 Disc Ceramic C24 — 0.1 uf R2 — 3982 1/4 w 
C6, C16 — 39 pF Di — IN4002 R3 — 8222 1/4 W 
C7 — 68 pF All-inductors other than molded chokes T1 — 9:1 Unbalanced to unbalanced XFMR 
C8, C12 — 200 pF UNELCO are wound with #18 AWG 1/8" 1D #24 AWG 12 crests: 
C10 — 62 pF L1—3T per inch 3.5” long 
C11 — 43 pF . : L2, L5, L8 — .15 WH molded choke QO1 — MRF340 
C13 — 80 pF UNELCO with ferrite bead O2 — MRF342 
C14 — 56 pF > ; L3 —7T Q3 — MRF344 
C15 — 75 pF L4, L7, L12 — .18 WH molded choke 
C17 — 10 pF : L6, L10 — 4T 


_ C18 — 300 pF Pets o ae. _L9 — piece of wire — 3/4” long 


The interstage between Q) and Q> is designed as fol- tors — CjQg and Cj . This impedance is then transformed 


lows. The effective collector load impedance is estimated to the complex conjugate of the output impedance of the 
tobe 100-j50 ohms. The input impedance, Zn, of the MRF342 by shunt inductor Lé¢. | 


MRF 342 is 1.75+j2 ohms at 136 MHz (as taken from the 


: eciees See The MRF344 output matching network consists of a 
data sheet). One way. to match the output of the MRF340 


shunt inductor at the collector of Q3 followed by two 


a the input of the MRF342 with a Wing hig of compo- _ Lsections. L-sections were used because they provide ex- 
-nents is through the use of a 9:1 transformer (1,2). Figure cellent harmonic suppression and good efficiency over the 
3 shows a Smith Chart plot of the interstage network with entire band. Figure 5 shows a Smith Chart of the output 
the chart normalized to 50 ohms. Starting at point A, this network, with the chart normalized to 50 ohms. 


impedance is rotated to point B by a shunt capacitor Cg. 
The impedance at this point is approximately 5 to 5.5 
ohms. A 9:1 transformer transforms this impedance to 
approximately 50 ohms. Point C, the 50 ohm point, is 
rotated to D by series capacitor Cg. Point D is then 
rotated to point E, the complex conjugate of the output 
impedance of Qj, by shunt inductor L3. 


All impedance matching element values calculated using 
the Smith Chart and optimized with the computer pro- 
gram -were used as starting points in building the ‘net- 
works. The final component values shown in Figure 2 
were derived through on-the-bench tuning and adjustment 
and differ from the calculated values as the Figure 2 
values cover 118-136 MHz. The calculated values are only 


A different approach is used for the Q2 - Q3 interstage for 136 MHz. | , 
network. The MRF342 output impedance Zo_, and the Since low cost is a key factor in the use of the TO-220 
MRF344 input impedance ZN, are taken. from the data devices, inexpensive components are used wherever ap- 
sheets. Figure 4 shows a Smith Chart plot of this network plicable. Molded chokes, dipped mica and dipped ceramic 
with. the chart normalized to 50 ohms. Point A is the capacitors are used throughout the circuit. One of the 
input impedance of the MRF344. This impedance is _problems.encountered when using dipped micas at VHF is 
rotated to the real axis by shunt capacitors — Cj? and their series lead inductance. The higher capacitance values 
C13. Point B is then rotated to point C by series capaci- approach resonance at VHF. Selected values were 
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measured on an HP network analyzer at 125 MHz. The CONSTRUCTION TECHNIQUES 
results are shown in Table 1.- The amplifier is assembled on a 2” X 5” double sided 
printed circuit board. Board material is G-10 with a thick- 
ness of 0.062”. A 1:1 photomaster of the top side of the 
_ board is shown in Figure 6. Eyelets are placed through the 
board at points marked by the letter ““O”. The eyelets are 
soldered to both sides of the PCB to connect the top 
ground to the bottom side ground retum. Feed-thru 
capacitors are mounted on the DC feed bar which is made 
of G-10 PCB. A 1:1 photomaster of the feedbar is also 
shown in Figure 6, Eyelets are placed at points marked by 
an “O” and feed-thru capacitors are placed at points 
marked by an “X”. The DC feedbar is soldered to the 
main board. The’ location of the critical components is 
_ shown in Figure 7. Construction details of the 9:1 imped- 
ance transformer are shown in Figure 8. (1,2) 


TABLE 1 


Note: All lead lengths kept to an absolute minimum For reliable. operation, the transistors must not only be 
(<0.1 inch) heatsunk, but they must also be mounted properly for 

emitter RF. ground return. Figure 9 shows mounting de- 

The data obtained shows that values below 75pf are tails for the TO-220 package. More detailed information 
usable. Lead length should be kept to a minimum when on mounting is available in AN-778.(3) The entire as- 
using both the dipped mica and the disc ceramic sembly is mounted on a 6” extruded aluminum heatsink 
capacitors. UNELCO capacitors are used in place of the -  —s using 4-40 X 44 machine screws. The heatsink surface 
dipped micas at the base of Q9 and Q3, since the net should be flat and free of burrs, particularly around the 
required capacitance and base current is very high. transistor mounting holes. | 


FIGURE 3 — MRF340 — MRF342 Interstage Network 


MRF342 
MRF340 


CoS 
rans Sosa 
Values Calculated at f = 136 MHz 
C6— 19 pF . 
c8 — 350. pF 
L3—.84 nh 


MRF340 ZOL = 100 — j50 
MREF342 ZIN = 1.75 + j2 
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FIGURE 4 — MRF342-MRF344 Interstage Network 
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Values Calculated at f = 136 MHz 


C10 + C11 — 130 pF 
C12 + C13 — 365 pF 
L6 —15nh 


41 TEER 


DATES LST LN 

NN a eae 

LHR | ; 
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-MRF342:ZOL = 17-j4.7 
/MRF344 ZIN = 1.25 + j2.86. 


FIGURE 5 — MRF344 Output Network 
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. Calculated Values.at f = 136 MHz 


7 Ete ore SECS | “C14 + C15 = 100 pF 
NER KS Ah a RAS I Oy Ef C16 + C17 = 23 pF 
ea bbe ROK sud aaa LA Eitre “L9=110nh 
i L10= 28nh 
L11=90nh 


MRF 344 ZOL = 4.2-j0.32 
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FIGURE 6 — Photomaster . 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE.7 — Location of Critical Components 


MOTOROLA RF DEVICE DATA 
6-171 


AN-793 


FIGURE 8 — Construction Details of the 9:1 Unbalanced to Unbalanced Transformer 


5.59 a Twist wires together — approximately 12 turns per inch | 
Cc =F : B . | 
FC IN E 


The transformer.is wound with #24 AWG, Three different 


colors are used — red, areen and blue. Transformer Connections 


Cut 3 lengths of wire 


FIGURE 9 — Mounting Details for TO-220 Package FIGURE 10 — Amplitude Modulation Waveforms 


a) Preferred Arrangement 
for Non-isolated 
Mounting Screw is at Semi-. 
conductor Case Potential. 
4-40 Hardware is used. 


4-40 Machine Screw 
Waveshape of 
a Modulating Voltage 
EMIN 
| 
| 
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Carrier 


ewok F lg ma 
aT a 


Modulated 50% 


Semiconductor | 


Waveshape of 
Modulating Voltage 


Modulated 100%. 


Heatsink is tapped 
fora 4-40 Screw 


Heat Sink 
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MODULATION | 

In an amplitude modulated waveform the amplitude of 
each cycle of the modulated wave varies in accordance 
with the modulating signal. Using voice modulation, the 
resultant waveform is not only complex, but difficult to 
analyze. Therefore, when testing and analyzing the trans- 
mitter P.A., a simple 1 KHz sine wave is used as the modu- 
lating signal. When analyzing an AM waveform, one of the 
things to consider is the modulation factor (M). M is 


usually expressed. as percent modulation and is calculated _ 


as follows: 


| _ Emax — Emin ee 
| ~ Emax + Emin aaa 


Figure 10 shows amplitude modulation waveforms. 


The above formula is valid only when the modulation 
process is symmetrical and little distortion is present. If 
significant assymmetry is present then up modulation and 
down modulation must be analyzed separately. 


Emax —E eh 
M= ee X 100% For positive peak modulation 
Ec—Emin .. 
M = ae X 100% For negative peak modulation 


_ When a carrier is modulated by a pure sine wave, two 
sidebands are generated at the carrier frequency plus and 
minus the modulating frequency. The power level of the 


sidebands is dependent upon the percentage of modula- 
tion. At 100% modulation, the total power contained in 
the sidebands is one-half the carrier power or one-fourth 
in each sideband. For modulation levels of less than 100%, 
the total power is: - . 


| PSB= 5m? PC 


where m = modulation factor 
Pc = carrier power 


Collector modulation is a commonly used method for 
modulating a solid state transmitter. Using this method, 
the modulating voltage is applied to a collector through a 
transformer. The secondary winding of the transformer 
must be capable of handling the DC current required by 
the transistor and have low DC resistance, so as not to 
cause a significant voltage drop. The voltage drop will 
reduce the voltage applied to the collector of the stage 


_ being modulated. 


Another form of collector modulation uses a series 
modulator. This type of modulator is used to evaluate the 
transmitter in this application note.(4) A series modulator 
uses audio power transistors instead of a transformer 
secondary. A schematic diagram of the series modulator is 
shown in Figure 11. 27 volts is applied to the modulator 
and the quiescent DC voltage applied to the transmitter is 


set by the 1OKQ2 potentiometer. 


To 
Circuit 
Under 

Test 


FIGURE 11 — Series Modulator 
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Table 2 — Performance of the 15 Watt Amplifier 


127 MHz 


5 
Upward Modulation (%) 89.0 


0 55.0 0 
3 58.0 57.6 


3f 


Load Mismatch Capable of Operati 


OUTPUT POWER VERSUS SUPPLY VOLTAGE 


f = 136 MHz 
Pin = 18 mW 


COPE 
anny eee ae 
oe 


Zeek eases 
5 1 


Q 3 5 7 9 11 °#13 «1 7 19 271 23 25 27 


Pout. Output Power (Watts) 


Voc, Supply Voltage (Volts) 


Pout is initially set at the carrier power of 

15 watts at 13.5 Vdc, then the supply 

votlage is varied from O to 27 Vdc keeping 

Pin constant. This demonstrates the peak 
power output capability of the transmitter P.A. 


FIGURE 12 — Block Diagram of Swept Set-Up for Tuning Up the Transmitter 


Pwr. Supply 


Modulator 


MHW590 
Module 


ee a oa 


Wavetek 


Oscilloscope 


TEST SET-UP 

When adjusting a broadband RF power amplifier, it is 
advantageous to have a swept test station. Using a swept 
set-up, one can observe the following: 


1) The effect of varying individual component values 
2) Bandwidth | 

3) Instability 

4) Input VSWR bandwidth. 


A Wavetek 1002 Sweep Generator driving a Motorola 
MHWS590 module is recommended as a drive source. 
Figure 12 shows a block diagram of the swept set-up used 
to test and evaluate the amplifier. 
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- POWER MOSFETs 
versus | 
BIPOLAR TRANSISTORS 


Prepared by 
Helge O. Granberg 
Sr. Staff Engineer 


What is better, if anything, with the power FETs if 
we can get a bipolar transistor with an equal power 
rating for less than half the price? 

Several manufacturers have recently introduced 
power FETs for RF amplifier applications. Devices 
with 100 W output capabilities are available for VHF 
frequencies and smaller units are made for UHF opera- 
tion. All are enhancement mode devices, which means 
that the gate must be biased with positive voltage (N 
channel) in respect to the source to “turn it on.” Early 


0.65 —- JO.35 Ohms 
0.40 + J1.50 Ohms 


Zin RS/ XS(30 MHz): 
Zin RS/ XS(150 MHz): 
Zo_ (Load Impedance): 
Biasing: 


Ruggedness: 


down possible. 
Linearity: 


Advantages: 


TABLE A 7 oe 


Bipolar 


Almost equal in each case, depending on power level and supply voltage. 


Not required, except for linear operation, 
high current voltage source necessary. 


Fails usually under current conditions. 
Thermal runaway and secondary break- 


Low order distortion depends on die size 
and geometry. High order IMD is a func- 
tion of type and value of ballast resistors. 


Wafer processing easier. Low collector- 
emitter saturation voltage, which makes 
devices for low voltage operation possible. 


designs were so called V-MOS FETs, where the channel 
is in a V-groove. The V-groove must be etched with a 
special process, and the silicon material must have a 
different crystal orientation from the material nor- 
mally used for bipolar transistors. The difficulty of the 
etching process in production has led to the develop- 
ment of other types of channel structures such as HEX 
and T, which are still vertical channel structures, but 
V-groove is eliminated, and the gate is on a straight 
surface. Thus, for an equal gate periphery; more room 


TMOS FET 
2.20 - J2.80 Ohms 
0.65 - JO.35 Ohms 


Some gate bias always required. Low 
current source, such as resistor divider 
sufficient. 


Failure modes: Gate punch through, . 
exceeding of breakdown voltages, over 
dissipation. 


Low order distoriton worse than bipolar 
for a given die size and geometry. High 
order IMD better due to lack of ballast 
resistors. > 2"y 


Input impedance more constant under 
varying drive level. Lower high order 
IMD. Easier to broadband. Devices or die 
can be paralleled. High voltage devices 
‘easy to implement. _ 


Disadvantages: 


Low input impedance with high reactive 
component. Internal matching required to 
lower Q. Input impedance varies with drive 
level. Devices or die cannot easily be 
paralled. 
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Larger die required for comparable power 


level. Nonrecoverable gate breakdown. 


High drain — source saturation voltage, 
which makes low voltage, high power 
devices less feasible. 
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on the surface is required. Japanese manufacturers 
seem to favor geometries with horizontal channels. 
They are similar to small signal MOSFETs with a 
number of them paralleled on one chip. This technique 
represents even more wasteful use of the die surface 


than HEX or TMOS. Typically a power FET requires: 


50 to 100 percent more die area than a bipolar transis- 
tor for equal power output performance. For TMOS the 
number is about 50 percent. This is mainly due to the 
higher saturation voltage, but the geometry also gives 
some 30 percent less gate periphery than available 
base area in bipolar. Since the price of a solid state 
device is a function of a die size, we get fewer watts per 
dollar. This is completely opposite from what the 
industry has been trying to do in the past years with 
bipolar transistors. So, one may ask: What is better, if 
anything, with the power FETs if we can get a bipolar 
transistor with an equal power rating for less than half 
the price? This is where we come to the purpose of this 
article, which is to discuss the characteristics of the 
FET and bipolar device. Both have the same basic 
geometry, but with some mask changes, one was pro- 
cessed as a MOSFET and the other as a bipolar. 


CIRCUIT CONFIGURATIONS 


Since the gate of a MOSFET device is essentially a 
capacitor, which consists of MOS capacitance distrib- 
uted between the channel and the surface metaliza- 
tion, the input Q is normally extremely high. For this 
reason, the gate must be de-Q’ed with a shunt resis- 
tance or applying negative feedback or a combination 
of the two. Unless this is done properly, the affect of 
feedback capacitance (Cygg) will result in conditions, 
where stable operation is impossible to achieve. 

Figure 1 shows a Smith Chart nlot of a 150 W MOS 
FET and a bipolar device using the same basic geom- 
etry for comparison purposes. The gate of the FET has 
been shunted by a resistance of 20 ohms. Without the 
shunt resistance the input impedance would be a pure 
capactive reactance, if package inductances are dis- 
regarded. 

The input Q is aninverse function of the broadband- 
ability of a device. With the techniques mentioned 
above, the Q can be controlled to a large degree, but 
some power gain will be sacrificed, unless only some 


type of selective negative feedback is employed for that | 


purpose. Amplifiers in the 100 W power level, covering 
five octaves can be designed, and the limiting factor 


only seems to be the proper design of the broadband © 


matching transformers. 

Due to the lack of base diode junctions inherent to 
bipolar devices, where the diode forward conductance 
depends on the drive level, the MOSFET gate imped- 
ance varies only slightly with the input voltage ampli- 
tude. The gate MOS capacitance should be more or less 
independent of voltage, depending on the die process- 
ing. This is considered one of the advantages with 
FETs, especially regarding amplitude modulated 
applications, where a constant load for the driver stage 
is important. Negative feedback should be limited, 
since it tends to deteriorate this characteristic. Another 
advantage is the AGC capability by varying the gate 
voltage. In common source configuration, depending 
on the initial power gain, etc., an AGC range of 20 dB 
is achievable. 
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FIGURE 1 — 150 Watt MOSFET and 
Bipolar Comparison — 


Common gate configuration has some advantages, 
although it is not useful in applications requiring lin- 
earity. The load impedance is reflected back to the gate 
and in effect is in parallel with the source to ground 
impedance. The total input impedance is more constant 
with frequency than in common source mode, but 


varies greatly with output power level and supply volt- 


age. As in a comparable configuration with bipolar 
transistors, the overall power gain is low, but the unity 
gain frequency (fa) extends higher, which makes the 
common gate circuit attractive at UHF designs. It also 


, Bias. 


FIGURE 2 — A Typical Common Source MOSFET 
Power Amplitier Circuit 
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has more tendency for parasitic oscillations, since the 
input and output are in the same phase. The de-Q’ing 
of the input can be done in the same manner as in a 
common source circuit, but negative feedback is not as 
easy to implement. This circuit also exhibits greater 
power gain versus bias voltage variation characteris- 
tics. In applications, where 40 dB to 50 dB AGC range 
is required, the common gate EonpeMreuon should 
be considered. 

A common drain configuration eer the emit- 
ter follower in bipolar circuits. In both cases the input 
impedanceis high and the load impedance is effective- 
ly in series with the input. The input capacitance, 
(drain-to-gate, or collector-to-base) is lower than in 
common source or common gate circuits, and several 
times lower for the FET than bipolar for equal die size. 
This is due to lack of the diode junction. A MOSFET 
source follower can not be regarded as having current 
gain as the emitter follower. The amplification rather 
takes place through impedance transformation. Due to 
the fair amount of input de-Q’ing required, the avail- 
able power gain is lower than in common source circuit 
for example. Having less than unity voltage gain, the 
circuit exhibits exceptional stability, and negative 
feedback is not necessary, nor can it be easily imple- 
mented. Push pull broadband circuits for a frequency 
range of 2 to 50 MHz have been designed for 200-300 
watt power levels. Their inherent characteristics are 
good linearity and gain flatness without any leveling 
networks. High power SSB amplifiers are probably the 
most suitable application for common drain operation. 
The AGC range is comparable to that in common 
source, but higher voltage swing is required. It must be 
noted that the MOS devices used must have high gate 
rupture voltage, since during the negative half cycle of 
the input signal, the gate voltage approaches the level 
of Vps. 


LINEARITY ASPECTS 


Some literature claims that MOS power FETs are 
inherently more linear than the bipolar transistors. 
This is only true up to the point where envelope distor- 
tion, caused by saturation, instabilities or other 
reasons, is not present. It is also a function of the bias 
current (INQ). The FETs usually require higher idling 
currents than the bipolars to get full advantage of their 
linearity. Bipolars are usually biased only to get the 
base-emitter diode into forward conduction, whereafter 
increasing the bias helps little. Class Ais an exception, 
but the device must then be operated at 20-25 percent 
of the rated Class AB level. 

Probably the main advantage with the MOS power 
FETs is their greatly superior high order IM distortion 
performance. This is mainly due to the fact that bal- 
lasting resistors are not required with FETs. In bipolar 
RF power transistors, nonlinear feedback is distributed 
to each emitter site through the MOS capacitance from 
the collector. In devices using diffused silicon resistors, 
this effect is even worse, and caused by additional non- 
linear diode capacitance between the collector and the 
emitters. The high order IMD (9th and up) is actually in 


FIGURE 3 — A Typical Common Gate MOSFET 
Power Amplifier Circuit . 


Out 


FIGURE 4 — A Typical Common Drain, Narrow 
Band MOSFET Power Amplifier Circuit 


direct relation to the ballasting resistor values, which 
must be optimized for an even power distribution along 
the die. Too low values would result in a fragile device, 
and the opposite would, in addition to the IMD prob- 
lem, result in high cOneCION eee saturation voltage 
and low power gain. 

The feedback capacitance, dane to-gate or collector- 
to-base for example, also has a secondary effect in 
IMD. In both cases it is a function of the die geometry, 
and is usually lower with devices with higher figure of 
merit, such as the ones made for UHF and microwave 
applications. A MOS power FET exhibits some five 
times lower feedback capacitance than a bipolar tran- 
sistor with a similar geometry. In a bipolar transistor 
this capacitance partly consists of the collector-base 
junction, which is highly nonlinear with voltage. This, 
together with the varying input impedance, generates 
internal feedback, which is nonlinear and produce 
high order IMD to some degree. A more noticeable 
effect is that the low order IMD goes up with reduced 
drive levels as shown in Figure 6. 

This can be related to different turn on characteris- 
tics between the two device types. When a bipolar 
device is biased to Class AB, the bias does not usually, 
completely overcome the VBR knee. Thus, at lower 
signal levels, the remaining nonlinear portion covers a 
larger area of the total voltage swing. Increasing the 
bias from the normally recommended Class AB values 
will help and full Class A should eliminate the problem 
completely. 
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b. 


FIGURE 5 — Two Tone Spectrographs of 300 W PEP, 50 V Amplifier Outputs 
a. using bipolar transistors and b. with TMOS power FETs. 500 mA of bias current 
per device was used in each case. Doubling the bias current has a minimal effect in 
a. but b. the 7th order products would be lowered by 10-12 dB. 
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FIGURE 6 — IM Distortion as a Function of Power 
Output. Solid Curves MOSFET, Dashed Curves 
Bipolar Transistor 


CLASS D/E APPLICATIONS. 


Switching mode RF power amplifiers hav ve only 
become feasible since the introduction of the power 
FET. Being a majority carrier device, the FET does not 


exhibit the storage time phenomena, that limits the - 


switching speed of a bipolar. For a given device, the 
switching speed is mainly determined by the speed the 
gate capacitance can becharged and discharged. Ifthe 
capacitance is in the order of several hundred pF, a 
smaller FET is required to provide the fast charge- 
discharge switch. For low power stages, bipolars can 
be used, since the storage time is mainly an inverse 
function of the fp and device size. The advantages ofa 
Class D amplifier are high efficiency, linearity and 
ruggedness, since power is ideally dissipated only 
during the switching transitions. | 

These amplifiers are readily applicable for FM mod- 
ulation, after harmonic filtering. The analog gain 
is obtained by pulse-width modulation of the input 


switching signal, and demodulation of the output with 
suitable filters. Linearity is required only from the 
modulator, which is easy to achieve at small signal 
levels. The high speed voltage controlled one shot 
MC10198 should be ideal for a linear pulse-width modu- 
lator. By properly adjusting its operating point, low 
level AM or suppressed carrier double sideband signals 
can be generated. 


Out 


Ha. 


+12V 


FIGURE 7 — A Typical Power MOSFET Class D RF 
Amplifier, Arranged in Push-Pull Configuration 


GENERAL 


All MOSFETs can in theory have a positive temp- 
erature coefficient on the gate threshold voltage. This 


means that the gate threshold voltage increases with 


temperature, trying to “turn the device off.” In addition 
the gm will decrease, which also helps in preventing 
the thermal runaway, which is commonly a problem 
with bipolars. The coefficient of the gate threshold 
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voltage is also a function of the drain current. Normal- 
ly the coefficient is negative at low current levels, and 
turns positive at higher currents. The turnaround 
point, which can be controlled by doping the other 
fabrication steps, must be at a current level not to 
exceed the maximum dissipation rating, taking the 
derating factor into account. Thus, the power MOS 


devices can be easily biased to Class A, anout fear of 


a thermal runaway. 

Two types of high frequency n noise are penerdicd 7 
bipolar transistors. Shot noise is caused by the forward 
biased junctions, and thermal noise by moving carriers 
upon flow of electrons. Both have different noise spec- 
trums, and only the latter is present in a FET. Ina 
transmitter, where the devices are biased for linear 
operation, the shot noise becomes a problem, especially 
if a receiver is in close proximity, as in transceiver 
designs. Also, if several stations are operated near 


each other, the noise can be transmitted through the © 


antenna, disturbing the reception at nearby stations. 
In most instances, the bias of the power devices must 
be switched on and off during the transmit and receive 
functions, which will prevent a full break-in operation. 
Measurements of 150 W devices, intended for SSB 
applications, were performed at 30 MHz, at the proper 
idling current levels. The difference in the total noise 
figure between a bipolar and a FET is about three to 


one, or 7 dB and 2.2 dB respectively. The amount of 
noise that can be tolerated varies with each situation, 
and whether the difference above is significant in 
practice depends on other factors Pevely ins the design 
of the equipment. 


CONCLUSION 
From the above we naa conclude that it is doubtful 


the power FET ever will replace the bipolar transistor 


in all areas of communications equipment. It will have 
its applications in low and medium power VHF and 
UHF amplifiers, eliminating the need for internal 
matching, and up to medium power low band and VHF 
SSB, where the high order IMD is beginning to be more 
and more in emphasis due to the crowded. frequency 
spectrums. The author’s personal opinion is that the 
power FET is the most feasible device for the amplitude 
compandored sideband (ACSB) applications, proposed 
for future use in land mobile communications. The 
system principle requires extreme linearity in the 
amplifying stages, which in the past has only been 
achieved with Class A operation. The power FET also 
opens new applications for high efficiency switching 
mode power amplifiers, which have-not been possible 
in the past for reasons described earlier. The possible 
upper frequency limit would be dictated by the nee 
oo of the ye 


- FIGURE 8 — An Experimental Three Stage, One 
Kilowatt Class D Amplifier. 


_ The unit operates up to 10 MHz yielding an efficiency 
of 85 percent. The power gain is 30 dB. 
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INTRODUCTION : ; 

The assumption is made that the re is familiar 
with. the types, construction, and electrical characteris- 
tics of FETS. References 1 and 2 contain information on 
this subject. 

Silicon RF power FETs are seiceally N- Chandel MOS 
enhancement mode devices. Most are vertical structures, 
meaning that current flow is primarily. vertical through 


sit oa 


tical construction has the advantage of providing ereaiees : 


current density which translates to more watts per unit 


area of silicon. 

The assembly of RF power FET wafers into ; Gaiehed 
devices is similar to the assembly of bipolar RF power 
transistors (BPTs). Identical packaging: is utilized for 
both types of devices. 


ADVANTAGES OF RF POWER FETS 

The advantages of FETs have been described. else- 
where,34 and will not be repeated in detail. Some obser- 
vations on this subject are given below. 


The inherently higher power gain is illustrated bie a 


comparison of the MRF171 FET and MRF315.BPT. Both 
are VHF devices rated at 45 watts power output. Typical 
power gains at similar operating conditions (f= 150 MHz, 
Put= 45 W, de supply voltage =28 V) are 15.0 dB for the 
FET and 11 dB for the BPT. 


Any gain comparison should also include Pupedneas . 


data. Ruggedness is defined as the ability of a device to 
survive operation into mismatched loads. Obviously, 
UHF and microwave BPTs are available with gains ex- 
ceeding that of the MRF171 FET at 150 MHz, but the 
higher frequency BPTs will not survive much abuse at 
VHE. The superior ruggedness of the FET is even more 
impressive when it is Beeounized that no source site bal- 
lasting is used. 

Another gain comparison at VHF is provided by the 
MRF174 FET and MRF317 BPT. The MRF317 is rated 
at 100 watts output, and contains an internal input 
matching network which increases the device gain by 
typically 5.0 dB. The MRF174 is rated at 125 watts out- 
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APPLICATIONS 


put and has no internal input matching, yet the typical 
gain of the MRF174 at 125 watts output is 12-dB while 
the typical gain of the MRF317 is 10 dB at. 100 watts 
output (both devices opera ne 2 at 150 MHz with a 28 ae 
supply). 

Impedance differences are Bune faealy at the device 
input. FET input impedance at dc approaches infinity, 
dropping at VHF to a level annroximately equal to, but 
slightly higher than the input impedances of comparable 
BPTs. | 

This point can be illustrated by considering again the 


aforementioned 45 watt VHF devices. When onerating 


at 150 MHz with a 28 Vdc supply and 45 watts output, 


_ the large-signal input impedances are 1.89 —j4.81 ohms 


for the MRF171 FET and 1.2 +j1.0.ohms for the MRF315 
BPT. 


These devices illustrate Laothee difference. The large- 
signal input impedance of FETs at VHF is capacitive. By 


contrast, most VHF BPTs with power outputs greater 


than 20 watts have an inductive input impedance at 150 
MHz. The input impedance of the MRF315 passes through 


: resonance at about 100 MHz. 


The low-noise figure of the FETs facilitates the design 
of low-noise power amplifiers. and high dynamic range 


_-receiver front ends. Noise figures of less than 3.0 dB at 
-f=150 MHz, Vp.=28 V, I, =2.0 A have been measured 


with the 125 watt MRF174.:-The MRF134 5.0 W VHF 
FET has a typical noise figure of 2.0 dB at 150 MHz, 


28 V, 100 mA, and values as low as 1.5 dB have been 


. measured. Transmitter noise floor determines the an- 


tenna front to back ratio required for duplex systems. 


A most interesting FET characteristic is the inherent 
gain control mechanism. The power output of a FET am- 
plifier can be varied from full rated output over a range 
of greater than 20 dB (with RF input power held con- 
stant) by varying the dc gate voltage. Further, the device 
gate does not draw dc current, so the de source utilized 
for gain control does not have to deliver any power to the 
FET. This capability, which does not exist in the RF 
power BPT, facilitates the design of systems requiring 
gain control, either manual or automatic.’ 
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AMPLIFIER DESIGN 

The design of TMOS FET RF. power amplifiers has 
much in common with the design of BPT amplifiers. The 
amplifier must include de circuitry to apply bias voltages 
and RF matching networks: to perform the necessary 
impedance transformation over the frequency band of 
interest. Amplifier design consists of the synthesis of cir- 
cuitry to perform the above tasks. . . | 

_ A positive dc supply voltage is required on the drain. 
To date most RF power FETs have been designed for the 
standard BPT operating collector voltages, i.e. 12.5 V, 

28 V, and 50 V. Some higher voltage FETs are also avail- 
able. The FETs described are designed for 28 V operation. 

There is no FET parallel to the popular zero base bias 
BPT amplifier. The typical FET RF power amplifier re- 
quires forward gate bias for optimum power output and 
gain. That is the bad news; the good news is that the 
FET gate is a de open circuit and the bias network may 
often be just a simple resistive divider. 

A convenient gate bias source is the drain supply. 
When utilizing this technique care must be taken in fil- 
tering the bias circuitry. An inadequately filtered bias 
circuit connected to the drain supply can form an output- 
to-input feedback path for oscillations. 


BPT amplifiers. These networks usually take the form 
of broadband transformers at HF, lumped reactive ele- 
ments at VHF, and microstrip lines with RF chip capac- 
itors at UHF.56 

Solid-state power amplifier drain or collector load 
impedances are set primarily by supply voltage and 
power level. Therefore, FET and BPT amplifiers. with 
like performance parameters can utilize similar output 


_ networks. ; 


The inductive input impedance of high power VHF 
BPTs usually dictates that the input network design in- 
clude shunt capacitors placed as close to the transistor 
package as is physically possible. FETs, with their ca- 
pacitive input impedances at VHF, do not require these 
critical capacitive circuit elements. 

Figure 1 shows a 125 watt 150 MHz amplifier which 
utilizes the MRF174 TMOS FET. Note the following 
items which have been discussed previously: 

1. No shunt capacitors at the gate. 

2. Resistive bias network operating 

supply voltage. 36 

3. Impedance matching networks similar to those of 

a comparable BPT amplifier (except for item 1 
above). | Ban Ng Wap i = | 


from the . drain 


FIGURE 1 — 125 Watt, 150 MHz TMOS FET Amplifier 


R2 
Bias R3bcg | ciol+ | 
Adjust D1 C11 
4. RFC1 
. R4 
C3 
RF Input 
C1 L1 
LHe 
ar C4 


C1 — 35 pF Unleco: 
C2, C5 — Arco 462, 5-80 pF 
C3 — 100 pF Unieco 
C4 — 25 pF Unieco 

- C6 — 40 pF Unleco 
C7 — Arco 461, 2.7-30 pF 
C8 — Arco 463, 9-180 pF 

C9, C11, C14 — 0.1 uF Erie Redcap 
C10 — 50 pF, 50 V 
C12, C13 — 680 pF Feedthru 
D1 — 1N5925A Motorola Zener 


FET amplifier Ip, (quiescent drain current) is not crit- 
ical and values in the 10-150 mA range are suggested. 
Ing may be varied from less than 100 mA to values ap- 
proaching Class A operation without large changes in 
gain and efficiency at full rated power. Linear applica- 
tions are an exception to this where Ipg should be selected 
to optimize linearity. ae 

The design of RF impedance matching networks for 
FET amplifiers is similar to the corresponding task for 
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L4 7 
Von = 28 V 
aoe + 
R1 C14 
C8 
RF Output 
C7 L 


L1— #16 AWG, 1-1/4 Turns, 0.213” ID 


L2 — #16 AWG, Hairpin _{L § 0.28" 


| 062" 
APS RAANG Hate 


SL 4 0.47" 
or | ee 0.2” 
L4 — 10 Turns #16 AWG Enameled Wire on R1 
REC1 — 18 Turns #16 AWG Enameled Wire, 0.3” ID 
R1— 100, 2.0W 
R2— 1.8k0,1/2 W 
R3 — 10 kM, 10 Turn Bourns 
R4— 10k, 1/4 W 


This amplifier operates from a 28 volt de supply. It has 
a typical gain of 12 dB, and can survive operation into 
a 30:1 VSWR load at any phase angle with no damage. 

The amplifier has an AGC range in excess of 20 dB. 
This means that with input power held constant at the 
level that provides 125 watts output, the output power 
may be reduced to less than 1.0 watt continuously by 
driving the de gate voltage negative from its Ing value. 
Figure 2 illustrates this performance feature. Note that 
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f = 150 MHz 


” Vos = 28 Vde 
100 [|—_+—_+. IpQ = 100 mAdc 


Fin = Lonsiani 


POWER GUTPUT (WATTS) 


~12 10 -80 60 40 -20 0 20 40 
Vas, GATE-SOURCE VOLTAGE (Vide 


FIGURE 2 — Gain Control Performance of 125 Wet eee 


a negative ae Pee would have to be added to 
the. bias system to take full evens of this AGC 
performance. 


Another useful feature of RF power FETs is that. they 
have less variation of input and output impedances with 
power level than does a BPT. This characteristic permits 
the use of small-signal 2 port scattering parameters to 
develop useful design information for gain, stability, and 
impedances.’ S-parameters are often found on RF power. 
FET data sheets. While s-parameters will not provide an 
exact design solution for high power operation, they do 
pF roduce a useful fi rst appr oXimation. 
_ Power FETs with outputs below the 40 watt range 
often have such high gain at HF and VHF that stability 
problems may be encountered. This problem can be ad- 
dressed bv the classic methods used to stabilize RF small- 


signal amplifiers — loading of input or output iaeninals 
feedback, or both. Here is'an area where s-parameters 
are useful in calculating the effects of circuit techniques 
for achieving stability. References 7 and 8 discuss am- 
plifier stability. 


Figure 3 shows a 5.0 watt 150 MHz amplifier utilizing a 


the MRF134 TMOS power FET. The MRF184 is a very 
high gain FET which is potentially unstable at both VHF 
and UHF. Note that a 68 ohm input loading resistor has 
been utilized to enhance stability. This amplifier has a. 
gain of 14 dB and_a drain efficiency of 55%. cede 4 
shows a 5.0 watt 400 MHz amplifier with a nominal gain 

of 10.5 dB. 


CAUTIONARY NOTES 

Some precautions regarding Per RF power amplifiers 
should be mentioned. 

One involves temperature <GbEREHE Literature 
abounds with statements that FETs are totally immune 
to thermal runaway because of their negative tempera- 
ture coefficient. Actually, many RF power FETs have a 
positive temperature coefficient over a portion of their 
operating range. Increasing drain current. usually shifts 
the coefficient from positive to negative. See Figure 5. 

DC bias experiments have been conducted with several 
RF TMOS FETs. While they all had positive temperature 
coefficients over a portion of their operating ranges, none | 
exhibited a tendency toward thermal runaway at drain 
currents ranging trom less than 100 mA to full Class A 
bias. Thermal runaway does not appear to be a problem, 
but the positive temperature coefficients suggest that the 
geen should not completely ignore the thermal as- 

pects of de bias design. 


FIGURE 3 — 5.0 Watt, 150 MHz TMOS FET Amplifier — 


RF Input 


*Bias Adjust 


C1, C4 — Arco 406, 15-115 pF 
C2 — Arco 403, 3-35 pF 
_ C3 — Arco 402, 1.5-20 pF 
C5, C6, C7, C8, C12 — 0:1 uF Erie Reveae 
C9 — 10 uF, 50V 
C10, C11 — 680 pF Feedthru 
D1.— 1N5925A Motorola Zener 
~ L1— 3 Turns, 0.310” ID, #18 AWG Enamel, 0. 2" Leta 
L2— 3-1/2 Turns, 0.310” ID, #18 AWG Enamel, 0.25” Long 


+. Vpop= 28 V 
C12 


RF Output 


L3 — 20 Turns, #20 AWG Enamel! Wound on R5 
L4 — Ferroxcube VK-200 — 19/4B 
R1— 68 2, 1.0 W Thin Film 
—R2—10k0,1/4W 
~R3— 10 Turns, 10k Beckman Instruments 8108 
R4—1.8k0, 1/2 W 
R5 — 1.0 MQ, 2.0 W Carbon 
Board — G10, 62 mils 
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FIGURE 4 — 5.0 Watt, 400 MHz TMOS FET Amplifier 


R3* R4 


C1. Z1 


"RF Input}}-{___}5 


C2 


* Bias Adjust 


C1, C6 — 270 pF, ATC 100 mils 

C27C3; C4, C5 — 0-20 pF Johanson 

C7, C9, C10, C14 — 0.1 uF Erie Redcap, 50 V 

C8 — 0.001 pF 

C11 —10ynF, 50 V 

~C12, C13 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zenet 
~- LV} 6 Turns, 174” 1D, #20 AWG Enamel ° 
--L2 — Ferroxcube VK-200 — 19/’4B 

R1 — 68:0, 1.0 W Thin Film 


Vgs, GATE-SOURCE VOLTAGE (NORMALIZED) 


125 


Tc, CASE TEMPERATURE io 
FIGURE 5 — Gate-Source Voltage versus Case Temperature 
For Constant Values of Drain Current MRF174 


A second potential problem is the danger of permanent 
damage to FET gates from static electricity. Fortunately, 
the larger capacitances of power devices reduce this dan- 


L2_ 


Cit 


RF Output 


C5 


R2—10k0, 1/4 W ns 

R3 — 10 Turns, 10k Beckman Instruments 8108 
R4—1.8kQ, 1/2 W , 
Z1 — 1.4” 0.166” Microstrip | 

22 — 1.1” x 0.166” Microstrip 

23 — 0.95” x 0.166” Microstrip 
(74 — 2.2” x 0.166” Microstrip: 

25 —-0.85”= 0.166" Microstrip) 

-Board — Glass Teflon, 62 mils 


the VHF equcne range. Particular attention was given 
to the excellent gain control characteristics of these 
devices. 
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800 MHz TEST 
FIXTURE DESIGN 
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Landmobile Power Products 


Although this article presents techniques for the gen- 
eral case of UHF-800 MHz circuit design, the emphasis 
is placed specifically on test fixture design for 800 MHz. 
Text fixtures tend to be the last consideration for most 
RF power amplifier development programs, yet they are 
the most valuable tool available for measuring and main- 


taining device consistency. Minimum power gain, collec- 
tor efficiency and broadband performance requirements, 
though they are always detailed in some form of written 
specification, are meaningless unless they are demon- 
strated and controlled by a test fixture. A good test fixture 
will assure correlation between the customer and vendor 
and function as a trouble shooting tool in the event of 
radio problems. When alternate sources are pursued for 
a stage, test fixtures can shorten qualification cycles. But 
the prevention of gradual shifts in RF performance over 
the lifetime of a product is the mais purpere - a test 
fixture. 

Motorola hae reeepaized the importance for good test 
fixtures and has established general guidelines for their 
implementation. 

Each hi-tech product is tied to a well defied test fix- 
ture, which has the following general specifications: 


© Broadband performance, demonstrating typical char- 
acteristics throughout the band. (Ex.: UHF; 450-512 
MHz, 800; 800- 870 MHz) 


® A3”x 5” mechanical format, which is rugged for high 


volume test applications. 


@ Simple RF match construction to represent realistic 
radio performance. 


@ Devices must meet all minimum test requirements at 
the specified test frequency. UH: 470 800: 870 
MHz. . 

The repeatability, mechanical ruggedness and broad- 
band performance are all very important factors needing 
consideration in the design of test fixtures. The remain- 
der of this article goes into detail, using the MRF846 as 
an example. | | 

The schematic representation of the fixture outlined 
in this article is shown below (Figure 1). 


MHz, 


CI and Co represent the shunt dapadio at the input 
and output (respectively), which cancel most of the in- 
ductive reactance associated with the transistor’ s input 
and output impedance. Mini clamped-mica capacitors are 
used for these components and are physically located 
beneath the common lead wear blocks. Inductance “L” is 
introduced by the input (and output) wear blocks. Be- 
cause of this parasitic inductance, L, trimmer capacitors 
(C’] or C’¢) are required to transform the now reactive 
impedance back to real before launching off into the /4 
transmission lines. 
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CDC-Block 


= 500 


CpC-Block 


FIGURE 1 — SCHEMATIC REPRESENTATION OF TEST FIXTURE 


The transistor’s input and output impedance can be 


represented as a combined series resistor and inductor 
as shown in Figure 2. 


+jX (0.5 nH) 


Z = Rg + jX_(0.5 nH) 


FIGURE 2 — EQUIVALENT CIRCUIT FOR Zjn OR Zout 


Rp = Rg (1 + QO) 
Xp = Xs (1 + 1/02) 
Q = X,/Rs 


FIGURE 3 — PARALLEL EQUIVALENT 
CIRCUIT 


This series combination can be transformed into a par- 
allel equivalent by using the equations shown in Figure 3. 
The capacitors C] and Co are selected by calculating the - 
value necessary to form a parallel resonance with Xp. Since 
all capacitors have a finite, series lead inductance, the ca- 
pacitor is actually considered as a simple series resonant 
circuit. The resulting effect is the capacitance is always 
higher than the marked value and goes through resonance 
at some frequency. Mini clamped-mica capacitors. are rec- 
ommended for test fixture design due to the very low par- 
asitic inductance associated with them which increases the 
usable range of capacitances. (They are also extremely high 
“Q”). A typical measured series inductance for clamped- 
mica capacitors is about 0.5 nH. The equivalent capaci- 
tance is calculated by subtracting the series lead induct- 
ance from the capacitive reactance, or Aclequiy) = Xe or 


XL(0.5 nH). 
Since two capacitors are used in parallel, the total 


capacitance is derived as shown in Figure 4. 


2.0 X¢ 


— XL(0.5 nH) 


Xc(equiv) = 


Xclequiv) 


FIGURE 4 — EQUIVALENT REACTANCE FOR CAPACITORS IN 
PARALLEL 
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A value of 2.0 X- is used in the above example since each 
capacitor will contribute only ¥2 to the total capacitance. 
By setting X,(equiv.) equal to the parallel equivalent 
reactance calculated in Figure 3, the exact capacitor val- 
ues may be determined. ; 

2.0 Xe — X1(0.5 nH) 


C= #20 Xp + XL(0.5 nH)) 2 
Introducing an actual example at this time should 
help in explaining the remaining steps involved in a test 
fixture design. The MRF846 is a 40 W, 12.5 V, 800 MHz 
device whose input and output impedances are: 


TABLE 1 -— Zin, Zout FOR MRF846 


800 MHz 


1.1 + j4.8 
1.0 + j4.9 
1.0 + j5.0 
0.9 + j5.1_ 


1.20 + j2.4 
1.15 + j2.5 
1.10 + j2.7 
1.10 + j2.8 


836 MHz 
870 MHz 
900 MHz 


Since Xp will vary as a function of frequency, C] and 
Co need only be calculated for one point within the fre- 
quency band. Typically, the input response of an RF 
power transistor is optimized about the center of the 
band. Hence, the input Rp and Xp are generally calcu- 
lated at this frequency [(f, + f))/2]. 

The output response is different. If Co were selected 
for a resonance to occur with Xp 2 at band-center, an un- 
acceptable performance roll-off would be seen at the up- 
per end of the frequency band. Overall performance is 
best when Co is calculated at a frequency within 20% 
of the upper end of the band. Since device gain increases 
as frequency decreases, the performance at lower fre- 
quencies is generally no problem. 

Using the MRF846 as an example, input and output 
capacitor values may be determined as follows: 


Test Fixture 


Triple Stub 
Tuners 
(or other 


Connectors 
SMA 
or 
OSM 


INPUT: 
Frequency = 836 MHz 
Zin = 1+j4.9 
= 49 Q= 4.9/1 
| 
Xp = 4.9 |1+-—s 
P \ (4.8)4/ 
=5.10 


AL(0.5 nH) = 2.07 
(836x106)(0.5x10 — 9) 


OUTPUT: 
Frequency = 870 MHz 


Zo = 1.1+)2.7,Q = 27/11 


= 2.45 | 

1 __\ 

= ( (2.45)2 J 
= 3.15 0 


X(0.5 nH) = 2.07 
(870x106)(0.5x10 ~ 9) 


= 2.63 0 =2.70 
C = 1/[7(836x106) = 1/[ (870x106) 
(2x5.14+2.63)] = 29.7 pF = (2x3.15 + 2.7)] = 40.7 


F 

2-20 pF Capacitors would 
be the best choice. 

(20 pF Capacitors were 
not available, so an 18 pF 
& a 24 pF capacitor were 
chosen instead. The total 
C = 42 pF) 


Ke) 


2—15 pF Capacitors would 
be the best choice. 


‘Though the MRF846 test fixture used at Motorola does 
use these capacitor values, the above calculations may 
act only as a good starting point. Empirical measure- 
ments and more precise impedance measurements for a 
given application may result in minor deviations from 
these values. 

Assuming no additional circuit parasitics had to be 
accounted for, the quarter wave transmission line sec- 
tions could now be determined. The input (and output) 
fixture wear blocks do, however, contribute additional 
series lead inductance to the impedances. These induct- 
ances are counteracted by the trim capacitors C’y and 
C’o. The wear block inductance could be calculated and 
then used to determine the proper capacitance values. 
However, since there are other, less obvious frequency 
and grounding effects which may influence the imped- 
ance transformation, it is a more practical (and generally 
a more accurate) procedure to measure the impedance 
which will be transformed by the transmission line to 
50 Q. 


Connectors 5004 

SMA Load 
or , 

OSM 


FIGURE 5 — BASIC CIRCUIT TO MEASURE Zin, Zout 
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The capacitors Cy] and Co should be mounted into the 
test fixture and a known characteristic impedance trans- 
mission line soldered into place as shown below in Fig- 
ure 5. 

Triple stub tuners are used on the input and output 
to tune for maximum output power and minimum re- 
flected power at various frequencies throughout the 
band. Band edges and band center are generally ade- 
quate for a good circuit design. Due to higher impedance 
levels produced by adding Cy and Co, (Zin) and (Zoyt) 


are measured instead of the real transistor impedances, . 


Zin and Zoyt. Also, by measuring impedances in the ac- 
tual applications fixture, the design can be optimized for 
the particular fixture. Perhaps a maximum gain tuning 
point is not what is desired. Obtaining impedances for 
an efficiency/gain compromise may be more desirable. If 
this is the case, an impedance table for the appropriate 
conditions may be obtained. It is then for these imped- 
ances that Cj, Co and Zp will be calculated. 

The procedure for obtaining the impedances is simple 
and requires a vector voltmeter (VVM) or a network ana- 
lyzer. Both are used at Motorola, but a vector voltmeter 
is less expensive and if used with a high directivity di- 
rectional coupler, (>40 dB), is very accurate. The set-up 
is constructed as shown in Figure 5. With frequency set, 


stub tuners are adjusted for the desired performance. 


Again, using the MRF846 as an example, numbers shown 


in Table 2 were measured for Pjn = 12.0 W, Vcc = 12.5: 


V. 
The output stub tuners were adjusted for maximum 


gain at each frequency and the input stub tuners were. 


adjusted for zero watts reflected power. After each mea- 
surement, the impedance presented to the fixture by the 


Direct | 


Signal 
Generator 


Port A 
VVM 


Cut Center Pins A 
Flush to Flange 


TABLE 2— PERFORMANCE OF MRF846 versus 


FREQUENCY 
806 MHz | 838 MHz 870 MHz 


Pout = 50.0 W 
Eff. = 53.3% 
Prefl. = 0 W 


Eff. = 55.2% 
Prefl. = OW 


Eff. = 58% 
Prefl = OW 


triple stub tuner and load (or source) combination is mea- 
sured by the vector voltmeter. The impedance is then 
translated by the transmission line used in the test fix- 
ture to obtain (Zjn) and (Zoyt). In the above example a 
26 Q, 0.83091 (@836 MHz) transmission line was arbi- 
trarily chosen to be in the MRF846 measurements. By 
using the equation: Z 40 = Rg [(1 + T4)/(1 — Tr) or 
various computer or calculator programs, the transfor- 
mation is easily calculated. The most important part of 
the whole procedure is obtaining an accurate measure- 
ment from the stub tuners. Prior to making any mea- 
surements, the vector voltmeter must be referenced to a 
short (180° on a Smith Chart). As a means of accounting 
for the errors introduced by the connectors at the fixture’s 
input and output, that same connector is used for a ref- 
erencing short as shown in Figure 6. 

The measurement reference plane is now the edge of 
the connector used on the test fixture, which is also the 


_ beginning of the transmission line. Assuming the same 


reference plane is maintained during the measurements, 


’ an accurate impedance value will be produced. A good 


technique for maintaining the appropriate reference 
plane is accomplished by creating a new connector to 
measure the triple stub tuners. Two connectors are at- 


tached as shown in Figure 7. 


& Solder Together 


7 — MAINTAINING REFERENCE PLANE 
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The triple stub tuner, load combination may now be 
measured with an adequate degree of accuracy using the 
test setup shown in Figure 8. 


| ts 
——j> T 


- Signai 
Generator 


Direct Coupler 


| 
OSM OSM Triple Stub Load 
Male Male Tuner 


FIGURE 8 — TEST SETUP TO MEASURE STUB TUNER W/LOAD 


Repeat the process for the input stub tuner combi- 
nation. Two numbers are obtained for each frequency 
which (Zjn) and (Zgyt) can be calculated from, as shown 
in the MRF846 example below: 


TABLE 3 — MEASURED Z VALUES FOR TEST FIXTURE 
I ZO converted Impedance Transformed 
Frequency _ Measured TL to Impedance in Ohms Over 26 © Line in Ohms 
806 MHz INPUT 0.357 155° 24.97 + j8.42 : j5.64 = [Zin*] 
sf OUTPUT | 0.372 144° 24.86 + j12.53 . : (6.66 = [Zout*] 
AA . I a - * 
* 


INPUT 29.78 + {3.98 . 
OUTPUT 33.30 + j6.58 
INPUT ‘ 4 ji. » 20. j6.92 = [Zjpn*) 
OUTPUT : : j2. . j8.3 = [Zout*) 
Mata: Zour"! is conjugate of [2 fZout! 
[Zjin*] is conjugate of [Zjn] 


The new impedances can be obtained by using a Smith be optimized around. Once again, it is convenient to con- 
Chart or using the equation Z/6 = Ry [(1 + TA)V(1 — vert these numbers into parallel equivalents. By doing 
[Z6)). These impedances (shown in the last column of so, the values of C'J and C’o become more obvious. Table 
Table 3) are the impedances which the test fixture will 4 shows this process. 


TABLE 4 — CONVERSION OF Z VALUES TO C VALUES 


Capacitance 
Required 


20.72 + i 64 
17.72 + 
21.35 + 
18.68 + j. 
20.21 — je 
17.90 — je. 


From Table 4, notice the calculated values of Cy and produce a slight skew in performance toward the high 
Co come close to giving the desired frequency response. _ end of the band. Capacitor values for the output could 
C’y is zero at the band center, indicating the capacitors ~ be reduced slightly, but they will remain the same until 


selected for the input are optimum. The values for C’Q. final fixture performance is determined. 
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Since C’] and C’o are very small capacitor values, 
little or no capacitance is actually needed for C’] or C’o. 
However, to allow minor tuning adjustments, a small 
trimmer capacitor is mcluded at the wear block/trans- 
mission line interface. 

The final calculation which needs to be performed is 
that of finding the optimum characteristic impedance for 
the transmission line. The recommended approach for 
doing this is to use a computer optimization program 
which will iterate any number of variables for a desired 
frequency response. The variables available to be optim- 
ized at this point are Zo, C’] and C’¢ and even na (trans- 
mission line length). Zg, C’'] and C’© are the very min- 
imum variables. 


In the example of the MRF846, where input Rp varies | 


- from 22.3 0 to 21.6 © over the frequency band, a close 
approximation can be had by using a mean value of 
21.90. This results in a Zp of 50 x 21.9 = 33 2. The 
output Rp starts at 20.2 0, dips to 18.7 0 and goes back 
up to 21.75 ©. Using the same method as before, Zo is 
calculated as 50 x 20.2 = 31.7 0 where 20.2 © is the 
mean value of 18.7 and 21.75. Using a computer optim- 
ization program, a 32 0, quarter wave transmission line 
is optimum for the input and a 30 2 quarter wave line 
is optimum for the output. These are the values used in 
the MRF846 test fixture. - . . 

' After constructing the MRF846 test fixture and tun- 
ing the small trimmer capacitors for best overall gain 
and input reflected response, the average data shown in 
Figure 9 was obtained. 
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800 810 820 830 840 850 860 870 880 
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FIGURE 9 — TEST FIXTURE PERFORMANCE 
OF MRF846 


The goal was to demonstrate 12/40 W across the band 
with less than 2.0:1 input VSWR and greater than 45% 
collector efficiency. Further optimization could be done 
by performing impedance measurements on additional 
transistors or characterizing the test fixture more ac- 
curately. However, the above performance is very satis- 
factory to the required performance. The best compro- 
mise for a second pass fixture would be to trade-off gain 
at 806 and 838 MHz for efficiency, and redesign input 
and output matching networks for the new impedance 
tables. This, of course, is only one of the many procedures 
which may be followed in developing an 800 MHz test 
fixture. 
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MOUNTING TECHNIQUES FOR 
POWERMACRO TRANSISTOR 


Prepared by: 
Harry Swanson 


RF Product Development/Applications Engineer 
Motorola Semiconductor Sector 


For reliable operation, the PowerMacro plastic molded transistor 
must be properly mounted. Methods of mounting and heatsinking 
are discussed. Tradeoffs of implementation and thermal performance 
are considered. | | 


INTRODUCTION 

The Stripline Opposed Emitter (SOK) package when 
used to mount an RF power transistor for output power 
levels less than 2.0 watts is excellent electrically but 
relatively expensive for the function performed. This ap- 
nlication note describes an equally effective electrical 
package called the PowerMacro package. 


The primary advantages of the PowerMacro package 
are (1) its low cost and (2) that it is a drop-in replacement 
for the 0.204” SOE pill or stud package using the same 
transistor die. Note that this package will also substitute 
for most low power applications of an SOE device with 
comparable RF and thermal performance. 


The PowerMacro package has excellent thermal prop- 
erties; however, it is essential to utilize proper mounting 
techniques. Therefore, this application note emphasizes 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
4. EMITTER 


SEATING PLANE 


thermal considerations and methods of heat sinking the 


wnaerle nos 


DESCRIPTION OF THE POWERMACR 
PACKAGE 

Figure 1 is the case outline drawing of the Power 
Macro package. It is similar to the Macro-X package 
except for the wider collector lead. Figure 2 is a cut away 
view showing the component parts of a PowerMacro 
package. The package consists of an epoxy molded copper 
leadframe which has a 100 mil wide collector lead. A 
transistor die is silicon-gold eutectic die bonded to the 
collector lead and is wirebonded in a manner similar to 
the SOE package. Completion of the assembly process is 
accomplished by molding the copper leadframe and tin 
plating the four leads. 


= 
Min | Max_| 


0.175 
0.075 
0.033 
0.008 
0.025 
0.348 
0.285 
0.097 


0.205 
0.100 
0.039 
0.012 
0.040 
0.383 
0.320 
0.104 


> fo. 
He 
G 0.63 1.01 
Hn | ees | 9. 
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FIGURE 1 — Case Outline Drawing of the PowerMacro Package 
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FIGURE 2 — Cut Away View of the PowerMacro Package | 


THERMAL RATING OF THE POWER 
MACRO TRANSISTOR, 


The RF PowerMacro transistor is guaranteed to have 
a certain thermal performance defined by the total device 
dissipation, Pp, at a certain case temperature, TC, which 
is measured on the collector lead immediately adjacent 
to the package body. The parameters are defined for TJ 
max of 150°C. In order to use the thermal data presented 


on the RF data sheet, the concepts and ground rules for — 


heat flow must be defined. Table 1 compares the thermal 


parameters to their more familiar electrical analogs. The 
task of the designer is to get the heat out the collector 
lead (case) of the PowerMacro transistor. This presents 


a classical heat transfer problem ideally calling for an 
“infinite heat sink” which can absorb any amount of heat 
with no temperature rise, AT, whatsoever. In a realistic 


sense, such a heat sink does not exist; however, a prac- . 
tical solution can be obtained. A practical heat sink is 


TABLE 1. Thermal Parameter and Their Electrical Analogs 
Thermal — 

Symbol| Parameter 
AT Temperature 
Difference. 


H | Heat Flow 


Electrical Analog 


fe] 


O 


V Voltage 


Watts 


C/ 
Watts — 


Watt-Sec 


Thermal 
Resistance 


il 


| 


, 


is 


y Heat Capacity 


Thermal 
Conductivity 


Cal, 
Sec-cm . 


Cal 


C 


ie] 
AP 


Quantity of 
Heat 


Time ec 


Thermal Time Sec 


Constant 


by 


ER 


*Note the one major difference in thermal and electrical units — Q is 
in units of energy, whereas q is simply charge. Hence, His in units. 
of power and may be equated to an electrical power dissipation. 
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characterized by a certain temperature rise, AT, for a 
given ambient condition with a known amount of heat 
input or power dissipation, Pp. . te of 
When the collector lead and ambient temperature of 
PowerMacro transistor and power dissipation are known, 


then the thermal resistance from case-to-ambient can be 


calculated. First, the power being dissipated in the de- 


vice, Pp, is obtained by: 
| ~Pp = Ppc + Pin-Pout — Pref 
Where: Pp = Power dissipated in transistor in watts; 
-. Ppc = DC power into transistor in watts; 
Pin = RF power into transistor in watts; 
Pout = RF power out of the transistor in 
watts; ne 
Pref = RF input power reflected in watts; 
Pp is used in the equation below to obtain 
OCA. ; 
To ~ TA. 
PD 


OCA 


Where: 6CA: = Thermal resistance device case to 


ambient | 
Tc = Device case temperature 
Ta = Ambient temperature 
- The junction temperature under a given 
operating condition is defined by: 


Ty = (@jc + OCA) Pp.+ Ta 
Where: Ty = Junction temperature 


6jc = Published thermal resistance junction- 


to-case. 


Since @Jc is fixed by the transistor type used, the user 
can only control the junction temperature by 6CA. . 

A low 6CA requires an effective heat sink and inter- 
face between the case and heat sink. In general, an ef- 


fective heat sink requires that materials with high ther- 


mal conductivity and high specific heat be used. A table 
of thermal properties for various materials is found in 
the Appendix. A well designed interface and heat sink 
requires that all thermal paths be as short as possible 
and of maximum cross sectional area. 


Surface “A” 


L Surface ‘’B”’ 


.FIGURE 3 — Bar of Conducting Material 


The thermal resistivity from Surface A to Surface B in 
the conductive. bar.shown in Figure 3 is: 
h h 


8 KWL 7 KA 


®) 
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Where: h = Length of thermal path 
A = Cross-sectional area of thermal path 
K = Thermal conductivity 


In order to define the thermal resistance factors still fur- 
ther for our purnose, O04 is defined as: 


cy 


an A= Waa aL 
Voc 3 


Wk “OLR 
Where: 0Ccg = Interface thermal resistance — case to 
. heat sink 
834A = Heat sink thermal resistance — heat 


sink to ambient 


Thus the thermal résistance, junction-to-ambient is the 
sum of individual components and Ty is then defined as: 


TJ = Pp (@jc + 0¢S + @saA) + TA 
This gives the basic thermal resistance model for the 
PowerMacro as indicated by Figure 4. 

The thermal resistance of the transistor (the junction- 
to-case thermal resistance), AJC, is not constant; it is a 
function of biasing and temperature as given on the data 
sheet. The thermal resistance of the heat sink is also 
variable; it decreases as ambient temperature increases. 

The interface thermal resistance, OC, is affected by 
the mounting technique and interface material used. ° 

Since this thermal resistance may be significant com- 
pared to the others, it will receive primary emphasis in 
the following section on mounting techniques. 


Transistor Die Te 
. = ; [soles Lead 
a af a PC Board .-j 
| : ee {Interface 


Material) 


Ty, Junction 
Temperature _ 


Tc, Case . 
Temperature 


Ts, Heat Sink . 
Temperature 


Ta, Ambient 


Temperature 


FIGURE 4 — Thermal Resistance Model for’ 
the Power Macro Transistor 


MOUNTING TECHNIQUES FOR 
POWERMACRO.. 


The available heat sink will vary depending on the 
application. In the case of the handheld radio, the heat 
sink is relatively smali and lightweight. In the case of a 
predriver in a mobile radio the heat sink is reiatively 
large but it is shared with other devices of higher power 
dissipation. In general, the size and weight of the heat 
sink should be as small as possible. 

_The intent of this section is to discuss in detail the 
different techniques and tradeoffs involved in reducing 
the thermal interface resistance in the PowerMacro. 

' The wide lead collector of the PowerMacro offers an 
excellent thermal path from the transistor chip. This 
wide lead should be utilized. effectively to provide the | 
best thermal interface. Since this lead is the output of 
the device, it is necessary to consider RF matching and 
DC biasing. Thus, the lead is usually mounted to some 
PC board material such as G-10, glass teflon, alumina, 
or beryllium oxide (BeO). Table Al in the Appendix lists 
the typical thermal data from IR scans of the MRF553 
PowerMacro transistor (1.5 Watts Poyt — 7.5/12.5 V 
VHF device). The analysis compares two PC board ma- 
terials: 

1. G-10 © 

ees Alumina 
for various operating conditions of Pout, Pp, Ty (die junc- 
tion temperature), Tc (collector lead temperature), and 
Ts (heat sink temperature) and Ta ~ 25°C. 

Figure Ai shows the circuit used to provide the ther- 
mal data of the MRF553 device mounted to a 62 mil thick 
G-10 PC board. The device is soldered to the PC board 
which is mounted to a 3” x 5” x 3/4" aluminum heat sink. 


Figure AQ shows fies eyreuit used to provide thie Lie 


mal data of the MRF553 device mounted with alumina 
interface. The device is soldered into a specially con- 
structed socket (see Figure A3) which is mounted to a 
3" x 5” x 3/4” aluminum heat sink. The socket is copper 
and uses 28 mils thick alumina substrates (195 mils x 
250 mils) with 62 mils thick copper tabs (125 mils x 250 
mils) on the input. and output. These components are 
soldered together using high temperature solder. 

A comparison of the data in Table Al shows the rel- 
ative performance of the two mounting techniques. IR 


Scan II of the alumina/copper mounting technique 


clearly shows its superior thermal performance. Com- 
paring the data at Pp ~ 1.9 watts for IR Scan I (G-10 


PC board mounting) and IR Scan II (alumina/copper 


mounting) demonstrate the better thermal interface us- | 
ing alumina/copper. 6jg for the alumina/copper mount- 
ing is 30.7°C/W while @js for the G-10 PC board is 
39°C/W. 

As expected, the ay: is approximately the same for 
the two mounting techniques..The difference in AJS is 
dependent on the mounting technique used. The result- 
ing 6Cg is calculated from the IR scan data by: 


OCS. = OS — OL 
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Thus for IR Scan I.(G-10 mounting): 
OCS = (39-23.2) °C/W = 15.8°C/W | 
Whereas, for Scan II (alumina/copper mounting): 
6Cg = (30.7-24.4) °C/W = 6.3°C/W 


Therefore, the IR scan results show a marked improve- 
ment in thermal periormance when meng the alumina/ 
copper. : 


The heat spreading effects of the: epoxy mold com- 
pound are also analyzed by IR scan of a molded device 


and an unmolded device. The molded device was chem-. 


ically etched to expose the surface of the transistor die 


while maintaining the maximum epoxy compound 


around the transistor leads. The unmolded device was: 


soldered into the RF circuit in leadframe form and then 
the lead interconnects were trimmed to make the part 
functional. 


A comparison of RF Scan I and RF Scan III shows that 
the epoxy mold compound aids in spreading the heat from 
the collector lead to the other three leads. For example, 
at Pp ~ 1.9 waits, the junction temperature, TJ, of the 
molded device is only 106.2°C versus 154.3°C for the 


unmolded device. Thus, the heat transfer ability of the 


epoxy mold compound is significant. 
Additional heat transfer can be realized by applying 


a small amount of heat sink compound to the heat sink : 


side of the PowerMacro package and by mounting the 
device so that the package body contacts the heat sink. 
The thermal conductivity of the heat sink compound 
(K =0.0018) is close to that of the epoxy mold compound 


(K=0.0026) and it is 3 times better than G-10 
(K=0.0056). Table A2 in the Appendix lists and defines 
the thermal conductivity K, the specific heat S and mass 
density P of various materials. 


SUMMARY 


This application note utilizes the IR scan results in 
Table Al to quantify the tradeoffs i in performance of the 
two mounting: techniques. A more rigorous analysis 


_ should be made by the designer when considering a par- 

‘ticular application of a-PowerMacro device. In a partic- 

_ ular application, there usually are certain constraints, 
_. such as: 


(1) Ambient and operating conditions: 
- (2) Available heat sink size 
(3) Available circuit layout space 
(4) PC board material choice 
(5) Assembly manufacturing techniques that are 
available and'cost effective 


These constraints may limit the designer’s available op- 
tions in providing the best interface and heat sink for 
the PowerMacro transistor. 

The PowerMacro package is an excellent RF low 


power package. With proper mounting and applications 
_ of device specifications, the transistor will function re- 
- liably. The data sheet specifications for 6jL,, TL, and Pp 
_are based on mounting the device to G-10 PC board or 
equivalent at qT a= ne 


APPENDIX 


Table Al lists the IR scan results of the MRF553 PowerMacro transistor comparing two PC board materials. 
The mounting and RF circuit techniques are shown in Bigures Al, ‘A and A3. 


TABLE A1. IR Scan Results fot MRF553 PowerMacro 


Pout Pin i : i Collector Ckt. 

(w) (mW) mp. Lead 83L 6j_ Heatsink 8S Bigs ‘Tp (°C) 
Mounting | f=175 PR Temp. - Aver. |Hot Spot) Temp. | Aver. [Hot Spot; Ambient 
Technique | MHz: ie ~ | Th OC) | PCAN) | (eCAW) ‘s. — (ecyw) | (°C/W) Peg 
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FIGURE A1 — Circuit Using G-10 PC Board. 
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Eh a FIGURE A2 — Circuit Using Alumina/ 
Copper Socket-~ - 


Silver Ribbon to 
Electrically Connect 
Socket in Test Fixture 


<—Alumina Substrates (28 Mils Thick) 


FIGURE A3 — Alumina/Copper Socket 
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The IR scans were made using a Barnes radiometric 
scope (Model No. RM2). The transistor’s active area was 
IR measured at 6 points to adequately map the junction 
temperature. Also, the collector lead was IR measured 
immediately adjacent to the body of the package to obtain 
the case temperature, T], of the device (see Figure A4). 


Active Area of Transistor 
Chip 


Transistor Chip 


|~——Collector Lead 


FIGURE A4 — IR Scan Map — 


_ Each operating condition chosen was allowed to reach 
steady state before the IR scan measurements were 
made. 


In order to aid in heat sinking and mounting designs 
_a table of thermal properties of common materials is 
presented. Three important thermal properties of com- 
mon heat sink materials are given in Table A2. These 
properties should be considered in order to properly eval- 
uate the choice of materials used in heat sinking/mount- 
ing of a PowerMacro for a given application. 


The devices were decapsulated using a machine called a 
“Jet Etch.” This machine is manufactured by: 


B& G Enterprises 
62B Hanger Way oo 
‘Watsonville, California 95076-2486 


The jet etch machine uses hot sulfuric acid to decapsulate 
the molded device. The device can be decapsulated so 
that there is no mechanical damage, no corrosive dam- 


-_ age, and no loosening of external leads. Thus, the device 


Thermal Conductivity is a measure of the ability of a. 


material of known cross sectional area to transfer heat 
a given distance in a given time with a given temperature 


difference. Generally metals are good thermal conduc- — 


tors. 


Specific Heat is a measure of the amount of heat a given’ . 


mass of material can accept for a given rise in temper- 


ature. The scale is normalized to the heat capacity of . 


water (H9O = 1.0). ae ae 


Mass Density is simply the mass per unit volume of a | : 


material. This parameter is important in heat sink de- 


sign in as much as large heat sinks of dense materials 


are undesirable. ay ae 
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| Teflon 


is fully RF functional. 


TABLE A2. Typical Thermal Properties of Materials 

< ‘|. Thermal - Specific Mass 

| Conductivity K | Heat S | Density, P 
| (Cal/Sec-cm-°C)* | (Cal/gm-°C) | (gm/cem-°C) 


Material 


Alumina j 
Ceramic . — al 


Plastic Epoxy: - 


[e006 | 02s | 22 | 


“Conversion Factor: 1 watt/m = 2.39 x 10-3 Cal/Sec. cm. The ther- 
“ mochemical calorie = 4.184 joules. The absolute joule per second or 
watt is thus related in terms of calorie per second. 
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By Ken Dufour 
Motorola Power Products Division 


INTRODUCTION 


This application note describes a two stage, 30 watt 
VHF amplifier featuring high-gain, broad bandwidth and 
outstanding ruggedness to load mismatch, achieved by 
use of the new MRF1946A power transistor. It uses a die 
geometry intended for RF power devices operating in the 
UHF region. The emitter periphery (EP) to base area (BA) 
ratio of this die is 4.9, up from the normal EP/BA range 
of 1.5 to 3.5 for VHF devices. Power sharing and current 
sharing in the chip are controlled with diffused emitter 
resistors. The end result is a VHF transistor with very high 
power gain (10 + dB), sufficient so that processing steps 
can be taken to provide tolerance to load mismatch while 
still maintaining excellent performance. By mounting this 


AN-955 


die in the 0.380 flange or stud package and providing 
characterization data that spans 136 to 220 MHz, Motorola 
has provided a very versatile component for the RF 
designer. , 


CIRCUIT DESCRIPTION 


Smith chart techniques were used to develop the two 
stage amplifier shown pictorially in Figure 1 and sche- 
matically in Figure 2. The end result is an amplifier that 
can produce 20 dB overall gain in the specified band (150 
to 175 MHz), with a midband efficiency of 50 percent. The 
Motorola MRF237 was selected for the driver stage. This 


Figure 1. Engineering Model of MRF1946A Wideband Amplifier 
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common emitter (TO-39) RF power transistor produces 
high-gain, is easy to mount and is cost effective. In this 
design, the MRF237 is inserted into a hole in the circuit 
board and soldered to the ground plane for heat sinking, 
as shown in Figures 1 and 3. This method of attachment 
also provides a very effective emitter ground connection. 
By introducing a small amount of forward bias (5-15 mA) 
to the MRF237, it will track low: drive levels and help 
maintain stability in the input stage. The amplifier is con- 
structed on 1/16”, double sided G-10 board with 2 ounce 
copper cladding. A photomaster of the printed circuit 
board is shown in Figure 4. The top and bottom ground 
planes of the board are connected by wrapping the board 
edges with thin copper foil (0.002”) and then soldering it 


in place. Figures 1 and 3 illustrate how and where the 


board edges are wrapped in the prototype amplifier. No 


eyelets or plated-through- -holes are required to achieve: 


the level of performance noted here. Printed lines are 
used to match the devices’ input and output impedance 


C1 = 56 pF Dura Mica 
C2 = 39 pF Mini-Unelco 


- D1. = Diode, 1N4933 or Equivalent 
L1 = Base Lead Cut to 0.4”, Formed - 


to 50 ohms, and an inductor and two capacitors form the 
interstage match. This allows some flexibility in shaping 
the overall frequency response and helps conserve board 
area. The MRF1946A stage is operated in Class C and is 
mounted to the heatsink using conventional. methods, 
i.e.; an 8—32 stud inserted into an appropriately prepared 
heatsink. An alternate packaging’ arrangement, the 0.380 
flange, allows one to attach the transistor to the topside 
of the heatsink with two screws. A Motorola. Application 
Note on mounting techniques for various semi- 
conductors is available and provides detailed information 
on installing either of these package styles (see reference 
1). Additional information on thermal considerations can 
be found in reference 2. Performance of the amplifier is 
illustrated in Figures 5, 6 and 7. Figure 5 is a plot of Pout 


_versus Pjp at 160 MHz, 12.5 volts; Figure 6 shows output 
~ power, input VSWR and collector efficiency as functions 


of frequency; while Figure 7 Gemonstiates harmonic con- 
tent for 30 watts output power. | 


fe 


60 0 LINE 


ourPur 


R2 = 1500 ©, 1/2 W (Select For 
Most Appropriate. ICQ) 


C3, C7 = 68 pF Mini-Unelco ‘Into Loop |. RFC1 =. 10 »H-Molded Choke 
C4, C5, C6, C9, C10 = 91 pF Mini-Unelco L2 = Collector Lead: Cut To 0. 35", Formed RFC2 = 0.15 uH Molded Choke 
C8 = 250 pF Unelco J101 | ; IntoLoop)—- RFC3 = VK200-4B Choke 
C11 = 36 pF Mini-Unelco — » L3 = 0.7" #18 AWG into rep. 21, 22 = Printed Line 
C12 = 43 pF Mini-Unelco L4.= 7 Turns #18 AWG, 1/8” ID ~ Z3 = 50 Ohm Printed Line 
C13 = 1 pF, 25 V Tantalum L5 = 3. Turns #16 Enam, 3/16” ID . B = Ferroxcube Ferrite Bead 


C14, C15 = 0.1 wF Mono-Block . R1-= 
Ci6 = 10 uF 25 V Electrolytic . Z 


- 100, 1/44W Carbon. . 


56-590-65-3B 


Figure 2. Schematic Diagram of MRF1946A Wideband 
Amplifier 
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AN-955_— 
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a ‘ Pail 


C4, C5 FROM C6 C7 C8 RFC2 CQ C10 Cit: 
BASE TO GROUND 


Figure 3. Parts Placement 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 4. PCB Photomaster 
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Pout, OUTPUT POWER (WATTS) 


OUTPUT POWER (dB) 
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50 0° .SCOSSO 00 950. 160 155, 60”. 165. 470 175 
Pin, INPUT POWER (mW) | | f, FREQUENCY (MHz) 
Figure 5. Output Power versus Input Power . Figure 6. Output Power, Efficiency, and Input 
VSWR versus Frequency 
CONCLUSIONS 

Pie The two-stage amplifier described produces greater 
Pout = 30 W than 20 dB-gain with 30 watts of output power over the | 

Zo, = 500 frequency range of 150 to 175 MHz. Ruggedness and 

Vee = 12.5 V stability are achieved by use of the new MRF1946/A 


power transistor. The amplifier illustrates that relatively 
unsophisticated construction techniques properly imple- 


mented with the appropriate high gain devices can pro- 
vide a cost effective 30 watt VHF amplifier for land mobile 


applications. 
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Class D and E are variations of 
switching mode amplifiers which are 
designated in the literature at least up to 
Class S. Switching means that the ampli- 
fying devices are either conducting or 
“open” during each half cycle and the 
switching from one state to the other is 


done as fast as possibie. in some systems — 


the switching is done at other than the 
carrier frequencies for modulation or 
other purposes. Class D and E usually 
refer to carrier switched amplifiers and are 
best suited for high frequency applica- 
tions where the rise and fall times of the 
switching waveform are of main impor- 
tance. They are directly adaptable to CW 
or FM, but other types of modulation are 
also possible by pulse width or amplitude 
modulation (1, 2, 3, 4, 5). The theoretical 
aspects have been well covered by F.H. 
Raab anc N. Sokal in numerous publica- 
tions over the years, and practical low 
power designs have also been shown. 
The author feels that since the evolution 
of the RF power FET, high power 
switching amplifiers can be designed at 
least up to 30 MHz and possibly 50 MHz. 


urrently, Class D or E transmitters are 
marketed at up to 10kW power levels 
for the broadcast band (.55 MHz-1.6 MHz) 
and at 1 kW for shortwave (up to 15 MHz). 
All use power FETs as the switches and 
advertise high efficiency and reliability. 
When the efficiency is higher, the reliabil- 
ity is better since the transistor (FET) die 
operates at a lower temperature. Efficien- 
cies of at least 70 percent to 80 percent 
in Class D and 80 percent to 90 percent 
in Class E are possible with the present 
RF power FETs at moderate power levels. 
Efficiency in Class D is limited mainly by 
the saturation resistance of the devices 
and the output capacitance. The objec- 
tive in Class E is to use the device output 
capacitance as part of a tuned circuit, 


thus eliminating its effect as a load 
capacitance. In an ideal form it also en- 
sures that the switching voltage and cur- 
rent waveforms are not overlapping (6, 7). 

An obvious advantage of high efficiency 
is the smaller amount of heat generated 
compared to power output. This results 
ina smatler heat sink and more compact 


_ design, leading to smaller output devices 


and reduced cost. An important applica- 
tion of high efficiency amplifiers is in bat- 
tery powered transmitters, where battery 
lifetimes 25 percent to 30 percent longer 
than Class C should be possible. Another 


advantage is simplified circuit design, - 


since interstage matching networks are 
not required, as they are with Class A, B 


~ and C, where the amplifying devices act 


as current sources rather than switches. 
From the low level limiter to the PA. the 
power gain can be as high as 40 dB to 
50 dB and the system bandwidth is limited 


“only by the response of the output 
transformer or matching network. Assum- . 


ing a constant pulse width from the limiter 
on, extremely wide-band amplifiers can 
be designed with no variation in power 
gain. Figure 1 shows an estimated power 
level vs. frequency curve of Class D/E 
feasibility with today’s technology. 
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FIGURE 1. Estimated maximum power | 
levels with a push-pull or single end- 
ed Class D/E amplifier based on pres- 


| ent technology. 
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Preparing the Carrier Input Signal 

Since the emphasis here is on relatively 
high power levels (up to 300W-400W per 
push-pull pair), the signal processing cir- 
Ccuitry is only designed to operate up to 
50 MHz. At higher frequencies it may be 
desirable to employ single ended designs 
in order to avoid any possible phase 
errors, which become exponentially more 
difficult to control with increasing fre- 
quency. The phase errors can be mini- 
mized in a oush-pull circuit hy nroviding 
the PA. input drive through a transformer 


. with bandwidth characteristics that will not 


affect the input rise and fall times con- 
siderably. Due to the difficulty in design- 
ing such transformers, which would 
require a bandwidth of one to several hun- 
dred MHz for a 2 MHz to 50 MHz carrier, 


- It was decided to create the required 180 


degree out-of-phase signals with ECL in- 
tegrated circuits (Fig. 2). 

The RF drive is first limited in a pair of 
cross coupled hot carrier diodes and then 
in three sections of ECL line receivers 
(MC 10H116). The limiter has approx- 
imately 50 dB dynamic range for ampli- 
tude modulated signals such as SSB. A 
peak detector circuit, shown at the upper 
left, was included, although the scope of 
this article is not to describe a modulated 
system. 

The detector was designed to operate 
at audio frequencies, 300 Hz to 3 kHz, 
with an RF carrier down to 2 MHz. The 
detector output with two-tone RF input is 
shown in Figure 3. 

The output audio envelope can be fed 
to an audio amplifier which can drive an 
emitter-follower or switchmode regulator 
that supplies the Vpp to the Class D PA. 
The principle is to provide the amplitude 
information through this audio chain and 
the phase information through the RF 
chain. They are then combined in the out- 
put stage to provide a restored AM or SSB 
signal. This technique is called Envelope 
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FIGURE 2. Schematic of the signal processor used in all the Class D experiments described. If the input is in sine wave, the amplitude 
can vary from .5 to 100 peak to peak. The output duty cycle is independent of the frequency. 


Elimination and Restoration (EER) (2, 3, 
4, 5). Pulsewidth modulation techniques 
can also be used to amplify AM and SSB 
signals with a Class D amplifier (1); 
however, the technique involves gener- 
ating an inverse sine reference signal at 
the carrier frequency, and the distortion 
would be directly reflected to the output. 
The finite switching speeds also limit the 
dynamic range. in this system. Both pro- 
blems make the pulse width modulation 
technique practical only up to a few MHz. 
In contrast, distortion in an EER system 
is generated only by phase errors bet- 
ween the audio and RF chains (4, 5). 
Although the circuit in Figure 2 is not 
intended for pulse width modulation, a 
provision was made to adjust the pulse 
width manually to allow the power output 
to be varied and to ensure that the PA. 
drive signals would not be overlapping. 
The objective was to provide a constant 
duty cycle with frequencies anywhere be- 
tween 2 MHz and 50 MHz. This was diffi- 
cult to achieve, and the final result was 
that the frequency was split into two 
segments: 2-25 MHz and 25-50 MHz. Ad- 
justments in the MC10198 (one shot) tim- 
ing as well as the LM307 and the com- 
parator biases were necessary to cover 
each band. The problem was mainly with 
the limited capacitance range of the 
MVAM108 tuning diodes in the integrator. 
Their capacitance should track the fre- 


= 
quency in order to provide a constant 


amplitude triangular wave output from the 
integrator. it must be pointed out that the 
physical circuit layout of the integrator is 
critical for low distortion output. All lead 
lengths should be minimized and else- 
where proper ECL wiring techniques 
should be followed. . 

The circuit of Figure 2 was intended to 
be used with a number of Class D PA.s 
studied. It is remotely located from the 
driver and the PA. assembly, and the 
signals between the two are connected by 
twisted wire lines. The pull down resistors 
in the iiC10195 outputs are provided only 
for testing purposes, while the termina- 
tions are located at the driver and PA. 
assembly. 


The Driver , 
Because of direct coupling between the 
stages, each side of the push-pull circuit 
requires its own driver and pre-driver. This 
has the advantage that the high peak cur- 
rent requirement from the driver is divided 
between two circuits, which will be dis- 
cussed later in detail. For this reason also 
the push-pull configuration was chosen. 
A single ended design would require an 
output FET twice as large, having propor- 
tionally higher gate input capacitance. 
The ECL level limited signal must be 
converted first to a voltage swing of at 
least 2 to 3 volts above ground to feed the 
driver, which may have a FET or bipolar 
input. The circuit shown in Figure 4E can 
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be used for this, or 4F, if the ECL is 
operated between ground and +5 volts. 
Alternatively, integrated circuits, such as 
the MC10G125 ECL to TTL converter or 
MC10177 MOS clock driver, can be used 
for this function, as shown in Figure 5. 
These ICs can be operated with single 
phase inputs as well as two phase. The 
voltage swing must be increased to 8 to 
10 volts above ground to ensure that the 
PA. FETs will be fully ‘turned on.’ 

Figure 4 gives examples of drivers that 
are fairly simple and can drive heavy 
capacitance loads. Figure 4A is the most 
complex, but it performs well providing 
the devices are correctly selected and the 
gate threshold voltages of Q3 and Q5 are 
equal. Without a load no current should 
flow through Q2 and Q3. The last state- 
ment applies to 4B also, if Q2 and Q3 are 
switched correctly. This basic circuit is 
used in the output stages of many TTL 
gates and buffers, and in integrated form 
the transistor base-emitter forward and 
saturation voltages can be controlled 
closely. In a discrete form the value of Q1 
emitter resistor must be adjusted accor- 
ding to the parameters above. In addition, 
Q3, which is in common emitter config- 
uration, must be of a fine geometry, high 
frequency design to minimize the base- 
emitter junction stored charge effect. 
Such devices in the NPN polarity are cur- 
rently available in many package config- 
urations. 
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FIGURE 3. The peak defector output 
waveform (Fig. 2) with a two tone SSB 
drive signal. This can be used to control 


the PA. supply voltage for amplitude 


modulation. 


Circuits in 4C and 4D are the simplest 
and least critical, although both have 
some drawbacks. 4D uses a passive pull 
down, where the resistor value can be 
calculated for the desired turn off time 
when the voltage and FET input capaci- 
tances are known. A typical value for a 
50W FET operating at 50 MHz would be 
around 3 to 4 ohms. The resistor current 
will be added to the input capacitance 


(C,,,) charge current, requiring a doubled 


euler capability from the emitter follower 
(Q2), althougn the average power dissipat- 
ed is equal to that of circuits with active 
pull down. The complementary emitter 
follower in 4C is probably the most effi- 
cient driver, considering its simplicity. It 
is tolerant against variations in device 
parameters and has the lowest output im- 
pedance if the transistors are properly 
selected. The only disadvantage is the 
scarcity of high frequency PNP transistors 
with sufficient current capabilities. In all 
Figure 4 circuits the pre-driver (Q,) can 
be a bipolar transistor or a FET depen- 
ding on the exact requirements and the 
input signal amplitude. 


Power MOSFET HF Switching 
Characteristics | 

At low frequencies the MOSFET gate 
should present a purely capacitive load 
to the driver. In switching applications, 
however, the rise and fall times represent 
a much higher frequency component than 
the fundamental. For example, if at 30 
MHz carrier 4 nanosecond. switching 
times can be tolerated, at 80 percent 
amplitude the 4 ns represents roughly a 
100 MHz sine wave. Examining the 
MRF150 Smith Chart (data sheet). and 
converting the information into parallel 
form we find that the input capacitance 
remains a constant 800 pF up to 150 MHz. 
This is an average value under biased 
and linear operating conditions, but it in- 
dicates that the wire bond and package 
inductances have a minimal effect at that 
frequency. For switching applications, 


FIGURE 4. Various Class D driver configurations. E and F are 
intended for ECL to positive level conversion, while A, B, C and 
D are designed to operate from higher voltage inputs to drive 


c-cT 


capacitive loads, such as the FET fates. 


where the FET goes into saturation, the 


‘Input capacitance is more difficult to 


define. - 

As shown in Figure 5, the C,,, varies 
with gate and drain voltages. At left (zero 
gate voltage) we can see the value under 
the conditions where the parameter is 


normally specified. At increased gate 


voltage the capacitance goes down to its 
lowest value, just before reaching the 
threshold voltage. When the FET begins 
to draw drain current, there is a point 
where the device gain is at its highest 
value. At that time the drain voltage is also 
lowered, resulting in reduction of the 
depletion area and causing an overlap 
between the gate and the bulk material. 
This. in turn increases the value of drain 
to gate capacitance (C,,,), which will be 
multiplied further by the gain and 
reflected back to the gate. As a result, a 
sharp peak in the C;,, will occur. When 
the FET is fully saturated, the C,,, settles 
to its value under zero drain voltage and 
positive gate conditions. A similar effect 
is present with all power MOSFETs to 
some extent depending on their exact 
parameters. The data was taken at 1 MHz 
but is not expected to change consid- 
erably at higher frequencies. 
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Figure 6 shows two input drive wave- 
forms superimposed at 25 MHz repetition 
rate: the driver waveform without a load 
(A) and when loaded by the FET gate (B). 

The notches in B are the result of the 
C,, peak in both turn on and turn off. In 
low frequency switching applications this 
may not be directly noticeable due to the 
much slower transition times involved. For 
HF, the peak value of the C,,, must 
definitely be taken into consideration 
when designing the driver. Assuming the 
driver pulse amplitude is 8 volts, the driver 
has a relatively easy task in turning the 
FET on. The C,,, is low up to the 
threshold point, approximately 3.5 volts, 
increasing to 4.5 volts. After this, the 
voltage only has to increase another 3.5 
volts, loaded by the high capacitance. 
Since this period falls within the ‘on’ 
cycle of the FET, a slower rise time is of 
lesser importance. In turning the FET off 
the driver must supply the highest current 
at the beginning of the cycle. Its dissipa- 
tion-is also at the peak at this point and 
high until the first 3.5 volts of discharge 
is completed, the load capacitance low- 
ered and the voltage across the driver 
gradually reduced. This is the most critical 
part of the cycle since it can result in a 


(I, LIMITED TO 2.0A) 


GATE. VOLTAGE | 


FIGURE 5. Typical TMOS (MRF-150) gate-source capacitance. | 
versus gate and drain voltages. All power MOSFETs behave more 
or less similarly, depending on their die structures, ngaOmenies: 


and electrical parameters. 


delay in the turn off of the FET, causing 
both sides of a push-pull circuit to draw 
current simultaneously for a part of the 
cycle. The delay can be prevented or mini- 
mized by adjusting the driver voltage 
amplitude only to. a level necessary to 
switch the output FETs to a full saturation 
and completely off. Any excess voltage 
swing increases the delay and also the 
dissipation in the driver. 

_ Considering the complex nature of the 
FET C,,,, a most realistic figure for the 
required driver output impedance can be 
obtained if it is calculated for the peak 
capacitance value and the gate voltage 
swing between saturation and threshold: 


as 


= required switching time (4ns). 
e = FET input capacitance at the peak 
pF). 

= gate voltage at saturation (8V). 
ve gate voltage between saturation 
and threshold (4:5V). 


then: 


—4x10-9 -4 
1.3 x 10-9(-.82) 1.3 x (-.82) 
= 3.74 ohms 


This translates. to 1.2 amperes up to 
where the driver transistors (NPN and 
PNP) must have a linear hee. As stated 


earlier, the 4 ns transition times represent” 


about a 100 MHz sine wave, which means 
that an HF beta of 10 would require an f, 
of 1000 MHz for the driver transistors ac- 
cording to the 6 dB/octave slope (8). The 
DC beta (he) is not critical but must be 
greater than 10.. 

For the complementary emitter follower 
the PNP half may be difficult to find with 
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the above. specifications. ‘In fact, some 
special units were built for experimental 
purposes using a multiple die similar to 
the 2N5583. The NPN counterpart was an 
MRF630. This combination worked well 
except that heat sinking of the TO-39 
packages was difficult. because of the 
close proximity of the pair, which is 
necessary to minimize all inductances. 


Output impedance Matching : 

In low voltage Class A, B and C designs 
the output impedance matching becomes 
difficult due to the low impedance levels 
involved at 100 W and higher output 
levels, if broadband operation is required 
at HF. The matching is usually done with 
broadband transformers, of which the 
transmission line types offer the. best 
broadband performance. For many appli- 


cations, however, they are considered im- _ 


practical and bulky in higher than 9:1 or 


16:1 impedance ratios (9). There are other — 


transformer types that are more conve- 
nient in physical aspects but lack the 
bandwidth characteristics. This poses a 
real problem, especially for Class D where 
bandwidths from 1 MHz to 100 MHz or 


higher may be required. A transformer. . 
type which is fairly good for impedance — 


ratios to 25:1 and higher is one where the 


low impedance winding is formed by ~ 


metal tubes inside ferrite sleeves and the 


high impedance widing is threaded 


through the tubes (7, 9). Such.a trans- 
former was used in the design of Figure 


7, where the power output specification | 


was 100 W, requiring the closest integer 
of 16:1 impedance ratio. 

Two points in its behavior must be 
noted. 

1. The high leakage inductance of this 
type transformer requires an unusually 
large capacitance for compensation 
limiting the bandwidths. These capaci- 
tances, of which the device output 


capacitance will be a part, are normally 


located across the primary or secondary 
windings, or both (Figure 7, C, and C,). 


The required compensation can be cai- 
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FIGURE 6. Driver output waveform at 25 MHz. A without a load. 

B loaded by the PA. FET gate. Results of the uneven gate 

Capacitance distribution versus gate and drain vollagesé can be 
. noticed in B. 10 nS and 2vidiv. 


culated from. the measured leakage in- 
ductance, and the maximum frequency 
will be limited by the device output and 


stray capacitances. At the resonant fre- 


quency the transformer VSWR will be 
1.2:1, increasing to approximately 6:1 an © 
octave higher (10). The leakage induc- 
tance can be measured across the secon- 
dary with the primary shorted. The con- 
nection inductances must be added to 
this and the maximum tolerable value is: 


Re 


a anf 


_ where: 
L, = Leakage inductance (yH) 


R, =Load impedance (50 ohms) 
f = Maximum frequency (Mhz) © 


IA Class. D, the limited wahdwidih will 


slow down the output rise and fall times. 
Since the transformer acts as a low Q 


- resonant circuit, this can be used to place . 


the amplifier in Class E mode of opera- 
tion by moving the resonance down to the 
carrier frequency, although the Q cannot 


-be properly controlled and the system 


may not be optimized. 

_ 2. The coupling between the two halves 
of the low impedance primary winding is 
only provided through the secondary and 
is very poor at higher frequencies due to 
the leakage inductances. If the amplifier 
is designed for voltage switching con- 
figuration, the transformer center tap is 
bypassed to ground. Due to the decreas- 


ing coupling the effect of the center tap 


is lost and at higher frequencies the 
amplifier will turn into current switching 
mode. With these two configurations the 
drain voltage and current waveforms are 
reversed (7), resulting in unpredictable 
waveshapes at the between frequencies. 
This will not affect the amplifier’s effic- 
iency, which theoretically should be equal 
for voltage and current switching modes, 
but makes its operation more difficult to 
analyze. If the transformer is properly 


i et 7 e 


designed, ¢6g., tne tube diameter to 
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iengin ratio is high for increased coup- 


lings anc the inductances between the 


Lit 


sformer and FET drains are low, 


Satisfactary aneration un ta 50 MHz is 
possibie, depending on the impedance 


Efficiency Considerations | 
The efficiency of an amplifier is defined 
as the ratio of DC input power to RF out- 
put power and is usually expressed in 
percentage. There are three main device 
parameters that affect the efficiency ofa 
ee D amplifier: 
Saturation voltage, in some data 


ieee given as Saturation resistance, is. 


directly proportional to the current and 
more linear with FETs than with bipolar 


transistors due to the latter’s nonlinear 


diode characteristics. In contrast to the 
bipolar the FET has a highly positive 
temperature coefficient slope (saturation 
voltage increases with temperature), ap- 
proximately 1 percent/°C. The DC value 
starts higher with FETs than with com- 
parable devices. At RF the saturation vol- 
tage is further increased by the package 
and wire bond inductances and isd more 


we sot 


to the low impedances and high current 
levels involved. The RF saturation voltage 
can be more accurately measured than 
calculated. Typical values for MRF140 and 
MRFI50, for example, are 1.7 volts and 3.0 
volts, respectively, at 10 amperes and 30 
MHz. From these numbers the efficiency 
can be calculated simply as: 


Vop-Vsat 
: Vop 


2. The switching speed of a transistor 
or a FET is mainly related to its high fre- 
quency characteristics, as discussed 
earlier in the driver paragraph. The in- 
ternal capacitances -have a large effect, 
but they in turn are a function of f,, ex- 
cept for small differences between various 
FET structures such as interdigitated and 
overlay or TMOS and VMOS. For compar- 
able geometries the FET has about three 


times higher f, than the BPT. This means 
that some of the low frequency switching 


FETs can be used as RF switches up to 


20 MHz to 30 MHz if a low output im-_ 


pedance driver is provided. In case of a 
sine-wave driving signal (7) the switching 
speed relies totally on the device high fre- 
quency gain and the input signal ampli- 
tude, whereas with a square-wave drive, 
it is affected by the input rise and fall times 
as well. Assuming a linear ramp with no 
‘distortion, the effect of transition times on 
efficiency can:be calculated as: 


360 x sinOs 
en xX OS 


where: Os is the phase angle portion of 
a full cycle that the transition time covers 
3. The device output capacitance, or 


any external capacitance shunting the 


output, reduces the efficiency of an 
amplifier This capacitance must be 


_ Charged to nearly twice the supply voitage 


during each cycle, and the power used is 
dissipated in the amplifying device. In nar- 


_rowband designs and Class'E switching 
_it.can be tuned out but not completely 
since its value varies with the output 


voltage swing. With power transistors and 


power FETs, the C,, or C,., is usually 


dominant and stray capacitances can be 
disregarded for practical purposes. Their 
values in data sheets are specified at DC 
and at the recommended supply voltage 
for RF, or mostly at 25 volts for LF 
switching. For example, the C,., for the 
MRF150 is given as 250 pF at 50 volts but 
is higher at lower voltage and increases 
sharpiy at voltages below 5; thus, for ac- 
curate calculations a higher C,,, value 
should be used for an average, but it can 
only be obtained from a C,., vs voltage 
curve. According to the formula in.Ref- 
erence 7, (p.446) the power loss for a 
push-pull amplifier is: 


P, =C,(2 Ver)2(2f) = 8 Cy Veu2f where: 


s = Power loss 
C, = Device output capacitance 
Ven = Vop ia V sat 


f = Frequency 


From this we can see that power loss 
depends mostly on supply voltage and on 


. 30 MHz. (2.x 10-3) (2200) (30) = 


Capacitance and frequency to a lesser 


degree. The output rise and fall times for 
these calculations are irrelevant since 
iney only affect the peak power dissipated 
in charging the load capacitance, the 
average power remaining constant. 

For a pair of MRF150s operating at 50 


volts and a power output of 300 watts the 


power loss would be 8 (250 x 10-12) (47)2 


wih lity WWUIOL UGG 


(30 x 108), considering tha winret case at 
a 
watts and the efficiency is: 


300 
132 + 300 


= = 69 percent. 


If the same die (MAF140), with its 450 pF 
output capacitance, were used in a similar 
28 voit system, the efficiency would be (3.6 
x 10-3) (692) (30) = 75 percent. This is in 
contrast to the belief that a higher supply 
voltage automatically results in higher ef- 
ficiency except when the circuit losses 
become high at very low output imped- 
ances. Considering this, it would seem 
that Class D efficiency is not much bet- 
ter than Class B or Class C, at least at 
higher supply voltages. If we calculate the 
total efficiency, taking all the above fac- 
tors into account, it is only about.60 per- 
cent, Howevei, efficiencies uv tO a0 Der- 
cent have been demonstrated i in practice 
in similar systems, using the MRF150s o or 
comparable devices. 

It is obvious that load capacitance is the 
one factor that limits amplifier efficiency 
most seriously, unless it can be compen- 
sated for. Assuming a perfect output trans- 
former in a Class D push-pull amplifier, 


OUTPUT 


FIGURE 7. Schematic of Class D push-pull Bnagiiick ECL integrated circuits are used 
to provide the 180 out of phase input signal (see Fig. 12). This makes the at width 
easy to control compared to Annee coupling. 
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the compensation could be done by in- 
serting a required amount of series induc- 


_ tance between the drains and the trans- 


former primary. This would form a res- 
onant circuit with the device C,,,, limiting 
the bandwidth to some extent, and the ad- 
vantage of the perfect transformer would 


- be lost. This inductance can be used and 


sometimes is used unintentionally to tune 


out the device output capacitance, but 


since the effective C,,, varies within the 
RF cycle, total compensation can hardly 


be achieved. Thus, in practical amplifier * — 


circuits of this type, there is a tradeoff be- 


_ tween efficiency and bandwidth, which 
also applies to Classes B and C. 


- Conclusion 


Commercial Class D and E transmitters 
up to 1 kW and 10 to 15 MHz are on the 
market. The author demonstrated a 1 kW, 


_ 10 MHz amplifier in 1981 (11), which was 


later evaluated by the National Bureau of 
Standards. Other designs since then in- 
clude an 800 W amplifier at 13.54 MHz 
with four MRF150 FETs, a 100W unit for 
25 to 50 MHz operating at 12 volts anda 


2 kW, 50 volt system (Fig. 8) which did 


not function as expected at frequencies 
above 15 MHz. The main problem was in- 
creasing inductance in the power FET 
drain connections to the output trans- 


_ former. The component physical size un- | 
_ doubtedly places a limit for high power | 


designs of this type, unless multidimen- 
sional constructions can be made 
feasible. 


The importance of the physical layout 
‘must be emphasized, since it is the key. 


& 


ass Mein fier 


he 4 ap litigr 
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to a properly operating system no matter . 


how good the electrical design is. We 
must remember that we are dealing with 
frequency components of 100 MHz and 


=r Bee 


higner in a 30 to 50 MHz carrier System, 


-. where even a nanosecond difference in 


delays between each side of a push-pull 
circuit drive signal will noveedbly affect 
efficiency. 

Since high power Class D and E de- 
signs up to 15 MHz with efficiencies far 
exceeding those at Class B have been 
shown, the author feels that the frequency 
range can be extended to at least 30 MHz: 
with proper physical design, leading to: 
high efficiency linear and omer appl 


cations. 
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S ince their introduction in the 


mid-70s, power MOSFETs have 
found major use in switching power 


supplies and in motor control cir- 
euits, More recently however: thay 


ww wave yg 2a way. vVaaw iy 


are being considered more and more . 


for use as RF power amplifiers be- 
cause they offer certain advantages 
over bipolar transistors. These 
advantages include higher input 
impedance (in all circuit configura- 
tions), gain control by: varying the 
Dc gate voltage bias, and immunity 


to thermal runaway. They do have. 
though — 


some disadvantages, 
probably the biggest is their higher 
cost. Other disadvantages of MOS- 
FETs include a higher saturation 
voltage than bipolars and their sus- 
ceptibility to gate punch- through. 


RF and switching MOSFETs difter 

Power MOSFETs made for RF ap- 
plications differ in a number of 
ways from those made for switch- 
ing applications. For example, RF 
power MOSFETs usually have much 
finer die geometries than switching 


MOSFETs. Also, their die metalliza-_ 


tion pattern is divided into a num- 
ber of segments, with each segment 
having separate gate and source 
bonding wires. This reduces wire 
bonding inductances and lowers the 


MOS capacitances within the die, 


_RF power 
MOSFETs» 


| While : swiiching me 7 

MOSFETs gather all the 
acclaim, RF types are. 
quietly starting to find 
their niche 


Helge Granberg 
_ -Principal Staff Engineer 
Motorola Semiconductor Products 
Phoenix AZ 


greatly increasing their operating 
frequency capabilities. 


RF power MOSFETs are generally 


n-channel, enhancement-mode de- 
vices, which means that the drain 


is positive with respect to the source © 
and the. gate must be biased to a — 


positive voltage with respect to the 
source for drain-source current to 
flow. Some other RF devices, such 


as GaAs FETs, are depletion-mode 


devices and must be turned off by a 
negative bias like electron tubes. 


While most designers are very. 


familiar with bipolar transistor 
parameters, this isn’t so for power 
MOSFET types. The table, “Compari- 
son of bipolar and power MOSFET 
DC parameters,” explains the vari- 
ous MOSFET parameters and their 
importance to the designer, and re- 


lates them to bipolar parameters. . 


AR-165S 


One important Dc parameter not 
listed in the .table is thermal sta- 
bility. A MOSFET is almost always 
pineed to pe level of 1 coy 
Buea Se eee aaade 
ees ee The forward volt- 
age variations in a_ base-emitter 
junction are 1 to 2 mV/°C, and al- 
ways have a negative temneratire 
coefficient. Gate threshold voltage 
must be measured against a con- 
stant drain current and also has a 
negative coefficient at low current 
levels. However, the material bulk 
resistance of an FET has a positive 
coefficient, which becomes dominant 


at higher current levels. Thus, an 


FET’S rg goes down as temperature 


“goes up. 


Stabilizing RF transistors 
Looking at bipolar collector and 
MOSFET drain currents versus tem- 
perature at constant base and gate 
voltages (Fig. 2), it can be seen 
that the bipolar transistor has a 
negative coefficient up to high cur- 
rent levels but the FET “turns 
around” before the device dissipa- 
tion rating is exceeded. Since these 
parameters are hpg, Srs, and cur- 
rent dependent, it is not easy to pro- 


vide temperature stabilization for 


biased devices. For the bipolars, a 
forward-biased diode with suitable 


© 1983 Hearst Business Communications, Inc., 
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UNITY GAIN FREQUENCY (fp) MHz 


0 4 u 8 a 
DRAIN/COLLECTOR CURRENT, AMPERES 


12 NB 20 


Fig. 1. Unity gain frequency versus Ic or lo. Curve. (a) represents a 150-W RF 
power MOSFET. Curve (c) is a bipolar having the same basic die geometry. 


Curve (b) is a standard switching power MOSFET with approximately equal 
gate periphery for comparison purposes. a So, 


characteristics kept at or near the | 
transistor case temperature is usu-. 


ally considered a sufficient bias volt- 
age source. In MOSFETs the required 


voltage can vary by several volts 


and the rate of change can be sev- 


eral times that of a bipolar at low” 


drain currents. Thus, the FETs re- 
quire more sophisticated methods 
for their temperature _compensa- 
tion. Resistor-thermistor combina- 
tions, together with regulators or 
op amps, are typical of these 
methods. - . 
Despite the power MOSFET’s pa- 
rameter and cost-related draw- 
backs, its advantages still make it 
the choice over bipolars in certain 


applications. At VHF and UHF, the. 


high gate-input impedance and the 
high power gain of the MOSFET 


make it possible to design broad- 

band amplifiers with simpler input — 
matching networks. Since the gate-_ 
source impedance remains capaci- : 


tive to much higher frequencies, it 


makes internal matching networks | 


unnecessary at least up to VHF even 
for devices of 100 to 150 W power 
ratings. On the other hand, VHF 
bipolar transistors with power rat- 
ings of 50 W and higher commonly 
employ internal matching networks, 
which means that the first section 


DRAIN/COLLECTOR CURRENT (NORMALIZED) 
= 


of the total network is built inside 
the device to transform the die 
impedance up to practical levels. 

In general, at frequencies below 
VHF, the input and output matching 
for power FETs and bipolars are 
very similar. Only the network ele- 
ment values differ in most cases. At 
high frequency (2 to 90 MHz), 


fo aN 


‘impedance transformation. 


BRE 
ER Nee 
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where the configuration is mostly 


- push-pull, ferrite broadband trans- 


formers or lumped-constant  bal- 
anced Lc. transformers can be used 
depending on. the exact .require- 
ments. me 
Amplifier circuit configurations 
such as common base (bipolar) and 
common drain (MOSFET) are also 
possible and practical. The common 
base circuit may be useful where 
more constant input impedance-ver- - 
sus-frequency or wider gain control 
range with gate voltage is required. 
The MOSFETs common drain cir- 
cuit configuration represents an 
emitter follower in bipolar circuits. 
Its specific merits:. are’ exceptional 
stability and linearity. However, 
these are attained at the cost of 
low power gain and.at the danger 
of exceeding the V,. 
~ A MOSFET source follower cannot 
be considered as having current. 
gain like an emitter follower. Rather, 
the amplification is achieved through 
Note | 
that the FET gate, which consists 
mostly of MOS capacitance, normal- 
ly presents a high Q input to any 


- matching network. This will impair 


the broadband performance and _ 
stability of the amplifier unless the 
Q is lowered by artificial means. A. 


CASE TEMPERATURE, °C 


Fig. 2. Collector and drain idle current versus temperature at constant base 
or gate voltages. (a) and (c) represent a bipolar device at collector currents — 


-of 100 mA and 710 A respectively. (b) and (d) is a power MOSFET at drain 


currents of 100 mA and 10 Arespectively. ——_- | . 
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Discrete Semiconductors 


gate shunt resistor, which can be 
part of the biasing circuit, serves 
this purpose. 

A Wore sophisticated method of 
achieving broadband performance 
and stability is to empioy negative 
feedback, which can be easily im- 
plemented ‘only in the common 
source configuration. The feedback 
can be brought to the gate through 
an RLC network which, in combina- 
tion with the shunt resistor, allows 
easier tailoring of the gain slope. 
In each case some power gain will 
be sacrificed, but this can be mini- 
mized at the high frequency end of 
the band (where the power gain is 
the lowest to begin with) by proper 
choice of component values in the 
feedback network. 

The FET gate should never be con- 
nected to only inductive reactances 
in an attempt to use the inductance 
to control the gate Q. The Cig is 
highly drain-source voltage depend- 
ent and under certain conditions the 
total Q may be high enough to.allow 


AaA4h XT 
transients to exceed the ¥ 


g? thei eby 
causing instant device failure. 


Compare linearity and noise 

It’s commonly believed that power 
MOSFETS have more linear transfer 
characteristics than bipolars. This 
is only true if the FET is operated 
at a reduced power level and high 
bias (near or in class A). Based on 
two-tone linearity tests, the low or- 
der distortion products (3rd, 5th and 
7th) fall faster wlth MOSFETs than 
with bipolars at reduced amplifier 
power outputs. However, 


transmitter peak power — a figure 
easy to achieve with both types of 
transistors. It’s when it comes to 
high-order distortion — 9th order 
and up — that MOSFETs are superior 
to bipolars (see Fig. 3). 
‘High-order distortion causes dis- 
turbances to adjacent communica- 
tion channels, whereas low-order 
distortion only relates to the qual- 
ity of the modulation. High-order 
distortion results from phase non- 
linearities between the input and 
output, from amplitude nonlineari- 
ties at low drive levels, and from 


FCC | 
specifications are relaxed on low. 
order distortion — —314dB below the _ 


Comparison of bipolar 
and power MOSFET DC parameters 
“Equivalent” Parameters 
Bipolar MOSFET 


Description 


Not specified or measurable with MOSFETs. In CaSEé of low Gaté-source | 


leakage, the gate can charge to voltages exceeding the punch-through. 


Normal method of measuring the MOSFET breakdown voltage. It refers 
to the maximum drain to source voltage the FET is allowed with the gate 
DC biased or in the same potential as the source. 


Not specified or measurable with MOSFETs. Gate-source rupture voltage 
would be exceeded in case of any drain-source leakage present. 


Not specified or measurable with MOSFETs unless done carefully at low 
current levels. Gate rupture can be compared to exceeding a capacitor s 
maximum voltage rating. 


Not specfied or necessary in most cases for BPTs. For a MOSFET, this 
parameter determines the turn-on gate voltage and must be known for 
biasing the device. 


Drain-source leakage current with gate shorted to source. BPT and FET 
parameters equal and normally only refer to wasted DC power and re- 
liability. 
Normally not given in BPT data sheets, but-important for MOSFETs for 
biasing purposes. Both affect their associated device's ene term | 
reliability. 


Not usually given in BPT data sheets but important in certain applica- . 
tions. With power MOSFETs this parameter is of main importance. The 
numbers are assumably higher than with BPTs, and are material and die 
geometry dependent. ; 


Vosisat) 
or 
Rosion) 


Thesé aré parameters for iow frequency: current and voitage gain, 
respectively. In a MOSFET the ges is more an indication of device elec- 
trical size and to a certain extent depends on processing. 


Unity current or voltage gain frequency. Not given in many of the BPT 
or MOSFET data sheets. The figure can be two to five times hiaher for 
the MOSFET for an equivalent basic geometry and electrical size (see 
Fig. 1). The figure of merit of a MOSFET is usually considered as the 
ratio of the gate-source capacitance to the Gs, but other parameters 
such as the Ros (on) have some effect on the figure of merit. 


Power gain in common emitter or common source configuration. This 
parameter is equal for both types of devices, except normally regarded 
as current gain for the BPT and voltage gain for the FET. At lower 
frequencies, where the FET gain is extremely high, the number may be 
merely an indication of how much stable and useable gain is available. 


Base to emitter or gate to source capacitance. Rarely given for BPTs. 
In RF power FETs the C.ss has a larger effect on the gate-source imped- 
ance. In fact, if stray inductances from the die metal pattern, wire 
bonds, and package were absent, the gate impedance would be a pure 
capacitive reactance. The Ciss consists mostly of die MOS capacitance, 
whereas the Cis of BPT is a combination of MOS and diode junction 
Capacitance. Since the diode(s) are forward biased during one half 
cycle and reverse biased during the other, it is obvious that the base 
impedance is largely drive level dependent. 


Collector to emitter or drain to source capacitance. Both are usually 
specified and are approximately equal in value for a given device rating 
and voltage Both are combinations of MOS and diode capacitances. 
Each effect the device efficiency since this capacitance must.be nalged 
and discharged at the rate of the operating frequency. 


Collector to base or drain to gate capacitance. Rarely specified for. 
BPTs. Normally referred to as. the feedback capacitance and very im- 
portant for MOSFETs considering their lower gate-source capacitance 
and superior high frequency performance. At low frequencies Cass pro- 
vides a 180° out of phase feedback to the gate, but can turn to positive 
feedback at high frequencies depending on stray inductances and the 
Ciss. The results. will be noticed as parasitic oscillations, unless Cass is 
low or the resonances fall outside the device's frequency capabilities. 
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Fig. 3. Typical intermodulation distortion for a bipolar RF transistor (a) and ~ 


(b). 


for an RF power MOSFET (b). For the bipolar transistor, distortion products 


are visible up to the 15th order; fo 
are down in the noise. 


nonlinear feedback. Most of the. 


nonlinear phase and amplitude feed- 
back in the bipolars is delivered 
through the emitters, which are 
coupled to the collectors through di- 


odes and MOS capacitance. The 


emitter ballast resistors, although 
very low in value, allow enough 
feedback to the emitters to cause 
distortion. These ballast resistors 
in FETS are unnecessary, and the 
source is directly grounded. Thus, 


high-order distortion in a MOSFET 


is only possible through the Cygg, 
which is very, very low. _ 4 

Much like the high-order distor- 
tion in SSB communications, the 
broadband noise generated in any 
transmitter causes adjacent chan- 
nel interference. The noise can be 
generated by the signal source, mix- 
ers, or any stage in the amplifier 
chain. The noise generated in the 
low level stages is amplified in all 
succeeding stages, and is of most 
concern. In linear amplifiers, where 
all stages are biased, the bias.current 
alone can generate sufficient noise 
to block a nearby receiver. Both 
MOSFETs and bipolars generate ther- 
mal noise, which comes from the 


moving electrons. In addition, the — 


forward-biased diode(s) in bipo- 


lars generate white noise, which is 
not present in MOSFETs. The two 
types of noise is usually meas- 
ured together, and since a bipolar 


typically has about three times 
‘higher noise figure than a compar- 


able FET, it appears that a majority 


of the noise generated comes from 


the base-emitter junction. 


When higher current levels or 


higher amplifier power outputs 


are required than one semiconduc- 
tor device can provide, parallel- 
ing devices is often the first thing: 


that comes to mind. Bipolars are 


often paralleled at pc and low fre-. 
' quencies, where their balance can. 


be assured with external ballast re- 


~-sistors. At RF, however, this tech-_ 
nique can not be used due to. 
excessive losses in power gain. In- 
stead the devices must be closely: 
matched. At VHF and UHF, where | 
the base impedance is very low and 
mostly inductive in reactance, added 


i. 
4 ¥ 
é 


Fig. 4. In this experimental RF MOS- 
FET four die ‘are connected in paral- 


lel. Chip-type silicon gate resistors 


are located at the center. | é 
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r the MOSFET, 9th order and higher products 


inductance in the form of the inter- 
connections would make the design 
of matching networks difficult. So, 
in practical designs, the low imped- 
ance of each device is transformed 
to a higher level, before the point 
where the parallel connection is 
made. - 

The above problem is present 
with MOSFETs also, but they are 
more tolerant of gain mismatches 


because of the large amount of 


drain ballasting inherent in their 


structure. The MOSFET’s higher, and 


capacitive, input impedance allows 


direct paralleling of higher power 


devices up to 150 to 200 MHz. How- 
ever, a new problem arises when the 
MOSFETs are paralleled. When MOs- 
FETs are paralleled directly, a mul- 
tivibrator type oscillator is formed, 
in which the feedback is derived 
through the Crss and the time con- 
stant is the cross-coupled Cygg plus 


_wire bond and interconnect induc- 


tances in series. This may also 
occur when individual die are par- 
alleled in the same package unless 
the C,sy is low and the resonances 
fall outside the device limits. A 
commonly used cure for these para- 
sitic oscillations is to de-Q all gates 
with series resistors (see Fig. 4) 
but this lowers the frequency re- 
sponse, making this technique im- 
practical for truly high frequency 
applications. | ae 


HOW TO APPLY THE MHW709/MHW710 UHF POWER 


FIGURE 


MODULES 


1 — UHF POWER MODULE TEST iNFOR 


MATION 


(MHW709 AND MHW710) 


TEST CIRCUIT 


Motorola’s UHF Power Modules use thin film construc- 


tion to minimize parasitics, and for manufacturing con- 
sistency. They’re flange mount for easy, one-sided as- 
sembly. They reduce your system inventory, eliminate 
the need for special production equipment. But even 
though the MHW709/MHW710 are ‘complete’ UHF 
power drivers and reduce RF design and production to a 


new level of ease, there are a few operation and testing 


considerations to follow for best results. 


The modules are conservatively rated. Actual output 
power capability is 50 to 70% above rated power. How- 
ever, the equipment designer should not design a prod- 
uct using the module above the rated output power. In 
some cases, if smaller margins are acceptable and certain 
other conditions are met, some of the reserve power 
output can be used. In this case, please contact your 
Motorola representative for specific recommendations. 


When operated within published specications the max- 
imum device current density seen in a limit module will 
be 1.5 x 10° A/cm*. Maximum die temperature with a 
_ 100° C base plate temperature will be 165°C. 

Nominal ratings are for a 12.5 Vdc supply (V, at pin 5) 
and control (V,, at pin 3) voltage. Specifications such as 


Gain Control 


The preferred method of operation is to apply 12.5 Vdc 
to both pin 3 and pin 5 through the recommended de- 
coupling network. (In general, the module output power 
should be limited to 14 W, MHW710; 8.5 W, MHW709.) 
The output of the module is then set by adjusting the 
input drive level. Operation in this manner. will result in 


the best performance with temperature variation. 


- Pin 5 supplies collector voltage to the input stage in the 


power gain, efficiency, and input VSWR are measured — 


with the nominal 12.5 Vdc supply and an output power 
of 13 W (MHW710) and 7.5 W (MHW709). 


module. This pin is internally bypassed by a .018 uF 
chip capacitor effective for frequencies from 5 MHz 
through the operating frequency. Due to size limitations 
in the module, additional external low frequency de- 
coupling effective below 5 MHz is required (as is re- 
quired with discrete UHF transistors). If pin 5 is used to 
reduce the module output, two characteristics may cause 
an application problem. 


One is that with the drive power appreciably above that 
required (+2 dB or so) for 13 watts output, the voltage 
on the first stage may be as low as four or five volts. This 
low voltage tends to increase the slump in output power 
with increasing temperature as opposed to the condition 
of pin 5 = pin 3 = 12.5 V and drive adjusted for desired 
power output. Second, if voltage to pin 5 is derived from 
a series dropping resistor and the value of the resistor is 
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above 10 to 20 ohms, the output power will tend to rise 
_ with decreasing drive which could cause problems in an 
application using an automatic gain or output leveling 
circuit. If pin 5 is fed from a regulated voltage source, as 


opposed to a series dropping resistor, this problem does. 


not arise, however, the temperature slump characteristic 
is still present. 


Typically, the MHW710 slump at 80° C from rated out- 
- put at 25° C with V3 = V5 = 12.5 Vdc is 9 to 12%. With 
pin 5 voltage set for rated output power and rated drive 


applied, the typical slump will be 10 to 16% at 80° C. 


Slump in the MHW709 under the same conditions is 
typically 5% less than the above figures. 


Decoupling 


As mentioned, size limitations in the module make it 
necessary to provide external coupling for frequencies 


below 5 or 10 MHz. This can take the form of a network ©. 
as shown on the data sheet. All decoupling capacitors 
internal to the module are .018 uF chips. Output and | 


interstage blocking capacitors are 39 pF NPO chips. This 


chip type has a nominal reactance to 9 ohms in the UHF  ~ 


band and was selected to decrease the module gain at 


frequencies below the pass band. Also, the base return 


chokes in all stages were selected to degrade gain slightly 
at UHF with greater effect at lower frequencies. The use 
of small coupling and blocking capacitors along with low 
impedance base returns reduces the loop gain at low 


frequencies to minimize low frequency problems from 


the increased device gains below the operating 
frequency. 


The decoupling network shown on the data sheet is used 
during final test of the module and has been found effec- 
tive for our test setup. Differences in test circuit layout, 
ground current paths or other low frequency feedback 


circuits could require a modified decoupling network. 


Some applications may benefit from the use of a series 
R-C damping circuit connected to ground from pins 5 or 
3.. This can consist of a 5 to 10 ohm carbon resistor in 
series with a 1 to 10 uF, 25 volt electrolytic or tantalum 
capacitor. - | | 


Source and Load Impedances 


The modules are designed for proper operation with 


source and load impedances of 50 ohms resistive. With 


‘proper decoupling, they will be stable with 2:1 VSWR 


source and load. impedances, any phase angle and any 
combination of phase angles at nominal drive and power © 


output. In addition, the rf drive and supply voltage can 


be varied over wide ranges. Typically, during this test, no 


_.. Spurious outputs - are seen except with drive powers 

above 300 mW ‘taken simultaneously with supply volt- 
_ ages below 4 or 5 volts. This condition of simultaneous 
high drive and low voltage will most likely never be seen 


in actual applications. 


Most problems with module instabilities are a function 
of poor source impedance or poor decoupling. If a ten- 
dency is seen for the module to “‘snap on” or have hys- 
teresis in the output power versus input power curve, the 
problem is most likely due to a source VSWR above 2:1 
relative to 50 ohms. To check this, put a 3 dB or 6 dB 


_ FIGURE 2 — UHF POWER MODULE TEST SETUP 


MICROLAB/ FXR AD 10N 


Generator 


NOTE: No Internal D.C. blocking on input pin. 


21, Z2 50 © Microstripline 
Signal L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 uF Tantalum 25 V 


'MHW720 BLOCK DIAGRAM - 


MHW720 Text Fixture Schematic 


C2, C3 0.1 wF Ceramic 
C7 47 uF Tantalum, 25 V 
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matched pad between the source and the module. The 


hysteresis or “snap”’ should disappear if the problem is 
source impedance. If “jumps” are noticed during varying 


input power conditions, the problem is most likely low 


frequency breakup due to insufficient low frequency de- 
coupling—this can be seen on a spectrum analyzer samp- 


ling the output power. If a spectrum analyzer is not 
available, an ac-coupled 10 MHz rect toscope on the dc 


: 11 + fran 
feed pins at the module will usually detect low frequen- 


cy breakup. 


a spectrum analyzer. It has been found that at least 90 
percent of semiconductor failures during load mismatch 
tests are due to spurious breakup during the test. When 
the spurious problems are solved, the burnout problems 
are also solved. 


The MHW modules are 100% tested for burnout and 
spurious Dreakur two times during the production pro- 


er oe aftse 


cess. One test is performed after the module is com- 


FIGURE 3 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
- for 4~40 Screw 


Input Line 
Width = 


0.085” : pin 7 Pin5 Pin 3 Pin 1 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031” 
er = 2.56 


~Output Line 
Width = 0.085” 


NOTE: 
Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 


| a . provided through module heat sink. | 


When using the module as a drop-in for other modules, it 
has been found that circuit “tweaks” made to compen- 
sate for antenna switching and output filter VSWR to 
provide optimum performance with a particular type 
module may degrade the performance of the MHW series 
modules. The output circuit in this module is a low-pass 
Chebyshev impedance transforming network. It is care- 
_ fully designed to provide a 50 ohm source impedance 
with a VSWR of less than 1.3:1 at 13 watts power out- 


put and 12.5 V supply. The power available to the load — 


(forward power as measured by a directional coupler) 
with this module will not degrade more than 20% from 
the power set into.a 50 ohm load when a load with a 
VSWR of 2:1 is placed on the output and varied through 
all phase angles. This characteristic holds true through- 
out the rated frequency range of the module. 


Load Mismatch 


When performing a load mismatch capability test with 
any semiconductor device, especially in a new environ- 
ment where all sources of regeneration are not yet iden- 
tified, one should monitor the output of the device with 
a directional sampling scheme and display this output on 


pleted and on the heatsink, another is performed after 


the module is capped and marked. The 13 watt modules 
are tested at 17 to 20 watts output into a load with a 
return loss of less than 0.7 dB at all phase angles (greater 
than 25:1 VSWR) and the 7.5 watt modules are tested at 
10 to 12 watts into the same load. 


In summary, it is recommended that the MHW709/710 
series modules be operated under the following 
conditions: | 

1. Source and load VSWR <2:1 with respect to 50 
— ohms. 


2. Proper low frequency decoupling. 


3. Supply voltage of 12.5 volts applied to both pin 5 
and pin 3 with driver power adjusted for desired out- 
put power. 

4. Sufficient heatsinking so that module flange does not 
exceed 100° C (preferably 80° C). 


5. Flange at rf ground potential. The “‘ground’’ pins 2, 
4, and 6 are not sufficient to establish a good rf 
ground at UHF by themselves. | 


When these rules are followed, the MHW709/710 series 
modules will provide the performance you expect. 
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The difficult transfer of high frequency energy from a signal 
source to the control element of an RF power transistor is efficiently — 
achieved by a new design philosophy. Both monolithic and 
hy brid IC techniques are used to include a matching network 
in the transistor package and overcome this tough osign problem. 


he insertion of a matching network into an RF 

power transistor package has cured many evils 
encountered in high frequency circuit design. 
Devices using such an internal impedance match- 
ing network have been dubbed Controlled Q 
because that is exactly what the added package 
circuitry does — it gives the power transistor a 
consistent and highly controlled electrical quality 
(Q) factor. In a nutshell controlled Q increases 
cuaranteed gains from previously available 4 dB 
to 5 or 6 dB in the 470 MHz region at 12.5 V. 
The controlled Q means that these devices are 
easier to match into circuit networks, and offer 
better consistency of high frequency parameters 
than other, non-controlled Q RF power devices. 


TRANSISTOR 


MOS CHIP pets i 
ge Reno eee } COLLECTOR 
| CONNECTION 


CONNECTION | 


] 
{ 
{ 
==" EMITTER 
GROUNDED 


FIGURE 1 — Each base region has an internal 
matching network included in the CQ package. 


The Old and the New 


There are no panaceas for the complexities of 
broadband RF circuit design. With or without 
controlled Q, circuit networks must be designed 
to impedance-match the different stages. -Gain 
and power output has to be optimized for the par- 


_ ticular application, while maintaining a specified 


overall circuit bandwidth. 

With older RF power devices, ‘such as the 
2N6136, a complete interstage matching network 
had to be provided using discrete passive compo- 
nents external to the transistor package. Not 
only did the circuit take up a lot of space, but 
its overall series component reactance limited 
design capability — especially in bandwidth. In 
addition, parasitic elements caused by the extra 
components, and package geometries interfered 


_ with establishing a solid signal ground. 


With newer.controlled Q devices, * “nside- Pia: 
package” construction of some of the network. 
matching elements brings the network closer to _ 
the active transistor die. Not only does this elim-_ 
inate the number of required external compo- 
nents, but it also means that a small amount of 
capacitance can minimize the imaginary part of | 
the input impedance for maximum bandwidth. 


Internal construction techniques help establish 


a better signal ground by removing most 
parasitic reactance. 


A Closer Look | 
Controlled Q transistors use both monolithic 


_and hybrid techniques in their construction. The 


active transistor die is fabricated using monolithic 
integrated circuit methods. A small MOS chip 
capacitor is wire bonded to the active transistor 
die thus incorporating hybrid technology. The 
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resulting total transistor package can be thought 
of as an active transmission line element for high 
frequency (to 500 MHz) amplifier design. Figure 
1 shows a portion of the device circuit. 


ms a 


(NiCr) resistors, shown in the close-up of Figure 
2, have different resistance values to compensate 
fe thermal differences of Vy arious port ions of the 


transistor chip. This prevents eyerloading of some 
emitters due to temperature difference. This Iso- 
thermal* resistor design technique assures 
balanced current distribution throughout the 
transistor for more consistent operation at various 
power levels. : 

Emitter inductance and its undesirable gain 
reducing negative feedback are minimized in con- 
trolled Q devices, by establishing a solid ground 
for the transistor emitters. This is accomplished 
by using the lead frame to extend the ground 
plane completely around the device. Emitter 
wires are then attached to this ground plane. Such 
an emitter bonding technique has been shown to 
contribute more than 50% of the gain increase 
of a controlled Q device in the 470 MHz region. 
Its total gain of 5.22 dB is significantly higher 
than a non-CQ device of the same 25 W version 
that gives around 4.0 dB gain. 

Controlled Q transistors also have bonding 
wires extending from each transistor base region 
to the MOS capacitor chip and then out to the 
package base lead. These bonding wires and the 
MUS capacitor interconnect one half of an input 
impedance matching network as in Figure 3. 


*Trademark of Motorola Inc. 


Bes Par 


FIGURE 2—A close-up view of the emitter ballasting resistors. 


s1Q 


502 


TT capacitor | 


FIGURE 3 — Part of the transmission network inductance and 
capacitance is provided in CQ transistor packages. 


Controlled Q production methods not only 
increase device yield, but also ae all final fac- 
tory testing to be done in fixe -tuned test equip- 


L 
ment. This means ease of final test for the 
semiconductor manufacturer, but more impor- 
tantly, insures the consistency of controlled Q 
transistors from device to device. To the RF 
equipment manufacturer, this means that once 
a piece of communications gear has been designed, 
controlled Q devices can be dropped into amplifier 
modules with a minimum of circuit adjustment 
and tuning. 

What’s Available 


Motorola’s MRF series of high frequency 
power devices are available in stripline opposed 
emitter packages which offer excellent thermal 
characteristics me with controlled Q operation. 


transistors listed in Table I are re capable of oper- 
ating at frequencies to 900 MHz with power out- 
puts to 50 watts. 


TABLE | — Controlled OQ 
RF Power Transistors 


Operation Output 
Device Voltage Power 


MFR243 60 W 
- MRE245 12.5 V 80 W to 175 MHz 


MRF316 80 W 
MRF317__- 28 Vv 100 W to 200 MHz 


Frequency Comment 


For VHF Large 
Signal Application 


For VHF MIL 
. Aircraft and Mobile 
Operation 


MRF641 15 W For UHF 
MRF644 | 25 W FM Mobile 
MRF646 ‘i an ORIEN a oplications 
MRF648 ~ 60W 


For 225-400 MHz 
Aircraft and 
Mobile Operation 


MRF325 30 W 
MRF326 40 W 
2N6439 60 W 
MRF327 80 W 
MRF338 80 W 
MRF329 100 W 


MRF840 7W 
MRF842 20 W 
MRF844 30 W 
MRF846 Z 40 W 


‘to 500 MHz 


For 900 MHz 


bes Ne Land Mobile 
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GET 300 WATTS PEP LINEAR ACROSS 2 TO 30 MHz 
FROM THIS PUSH-PULL AMPLIFIER 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


(The heat sink shown with amplifier is sufficient only for short test periods under forced air cooling.) 


This bulletin supplies sufficient information to build a 
push-pull linear amplifier for 300 watts of PEP or CW 
output power across the 2- to 30-MHz band. One of 
Motorola’s new high-power transistors developed for 
single-sideband; MRF422, is used in this application. 


Like all transistors in its family of devices, MRF422 
combines single-chip construction that is advancing the 
state-of-the-art, and improved packaging to accommo- 
‘date the low collector efficiencies encountered in class 
B operation. Rated maximum output power is 150 watts 
CW or PEP with intermodulation distortion spec’d at 


—30 dB maximum, —33 dB typical. Although not rec- 


ommended, a saturated power level of 240- to 250-W 
is achievable. Maximum allowable dissipation is 300 W 
at 25°C. | - 
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Because of its excellent load and line voltage regulating 
capabilities, an integrated circuit bias regulator is used 
in the amplifier. The MPC1000, originally described in 
this bulletin,.consisted of a MC1723 chip and a built-in 
pass transistor. The manufacture of this device has been 
discontinued however, and the board lay-out was mod- 
ified to incorporate the above two in separate packages. 
The load regulation typically measures less than 2% at 
current levels up to.0.5 A, which assumes an hep of 40 
for the RF power devices. The board surface provides 
a sufficient heat sink for the 2N5990 pass transistor, but 
a separate heat dissipator, such as Thermalloy 6107 can 
be added if necessary. With the component values 
shown, the bias is adjustable from 0.4 to 0.8 volts. 


e) 
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Transformer Construction 


Gain flatness over the band is achieved using base input - 


networks RC, and RC, and negative feedback through 
R; and R,. The networks represent a series reactance of 
0.69 ohms at 30 MHz rising to 1.48 ohms at 2 MHz. 
A single-turn winding in the collector choke provides a 
low-impedance negative feedback source, thus R, and 
R, determine the amount. The reactance of .C, reduces 
feedback at high frequencies with the result that feedback 
increases an average of 4 dB per octave at decreasing 
frequency. : ; 


For continuous operation at full power CW, it is rec- 
ommended that heat sink compound, such as Dow Corn- 
ing #340, be applied between the board surface and R, 
and K,, and if possible have air circulating over the top 
of the circuit board as well. 


R3 Be 
Ri- ~R2 
Optional — 7 

Input ot ® 

Atten- 

uator 6 - 
R5 


ee REEL 
EAR AMPLIFIER 7 


Terminal Pins and 


Feedthroughs 


Feedthrough Eyelets. 
Stand Off's — 
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The effective base-to-base impedance, increased by the 
RC networks is about 5 ohms at midband. As a result 
of this and the 9:1 impedance ratio in the input trans- 


_ former T1, the input VSWR is limited to 1.9:1 or less 


across the band. Transformer T2, in addition to providing 
a source for the feedback and carrying the dec coilecior 
current, acts as the rf center tap of the output transformer. 
To construct T2, wind 5 turns of 2 twisted pairs of AWG 
No. 22 enameled wire on a Stackpole 57-9322 toroid 
(Indiana General F627-8Q1). 


14 


POWER GAIN (dB} 


Vee = 28 V 


Pout = 300 W PEP 


VSWR 

(SOLID) 

n (%) 
(DOTTED) 


Figure 1 — Collector Efficiency, 
Power Gain and VSWR vs Frequency 


A Stackpole dual balun ferrite core 57-1845-24B is used 
for Tl. The secondary is made of '%" copper braid, 
through which three turns of the primary winding (No. 
22 Teflon® insulated hook-up wire) are threaded. The 
construction of T3 is similar to that of Tl. It employs 
two Stackpole 57-3238* ferrite sleeves which are ce- 
mented together for easier construction. The primary is 
made of 4" copper braid, through which three turns of 
No. 16 Teflon® insulated wire are threaded for the 
secondary. 
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300-Watt Linear Amplifier Schematic Diagram 


~ Output 502 


“Input B02 = 5 
. eo. 
Vect Bh 


At @ 


TO.PIN 2 
Mounted To. R411. 
Heatsink ~~» : 
C1— 100 pF ~ -R1, R2 —2 X 3.3, 1/2 W in parallel Q1, Q2 — MRF422, Q3 — 2N5990 > 
C2, C3 — 5600 pF. RS, R4 —2X 3.92, 1/2Winparaliel 11,72, T3 — See text 
C4, C5 — 680 pF R5—472,5W ict 
C6, C7 — 0.10 uF oe ~ RE — 1.0Q, 1/2 w . a All capacitors except electrolytics and C16 
C11—470pF «RI, RB — 1.0 k, 1/2 W are chips — a 
C12,C13 +.0.33 uF RO —18k,1/2W" i 
C14—10uF —50V electrolytic - R10 — 8.2 k, 1/2.W. Union Carbide type 1813 and 1225, 
C15 — 500 uF'— 3 Velectrolytic R11 —1.0k Trimpot or Varadyne size 18 or 14, or equivalent 
C16 — 1000 pF ~ p1— 2N5190. 


‘1, L2 — Ferroxcube: 
VK200 20/48 

L.3, L4 — 6 ferrite beads 
each, Ferroxcube . 
56590 65/3B 


| |Table Il. Output harmonic contents, 
measured at 300-W CW (all test data] 
taken using a tuned output, narrow 


band signal source). 
| | and | 3rd | 4th | 5th 


For production quantities, the braid in T; may be made 
of brass. or copper tubes with their ends soldered to pieces 
of PC board laminate. See cover picture and Motorola 
AN-749 for details. ; 


(Mihz)| (dB below the carrier) 


— 34 
— 43 


— 48 


The bandwidth characteristics of these transformers do —45 
not equal those of the transmission line type, but they’re 


much easier to duplicate. ae 


ay, 


25 


—47 


—55 


The measured performance of the amplifier is shown 
in figures 1, 2, and 3 and harmonic rejection data in 
table I. 


= 55 


—37 


—45.| —-37 


*A similar product is available from Fair-Rite Products Corp., Wallkill, N.Y., 12589 


®Registered trademark of DuPont 


PCB, chips capacitors, transformers T,, T,, T3, and ferrite beads are available from: 
COMMUNICATIONS CONCEPTS, 2648 N. Aragon Ave., Kettering, Ohio 45420. 
Telephone: (513) 294-8425. i 


Pd: 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


INdNI — GNOE 


Figure 2 — IMD vs Frequency 
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THE COMMON EMITTER TO-39 AND ITS AD 


Prepared By Rich Potyka — 


VANTAGES — 


The common emitter TO-39 package is one of Motorola’s 
latest innovations in low-cost rf packages. It differs from 
‘conventional TO-39’s or TO-5’s in that the emitter, not 
the collector, is connected to the metal case. To achieve 
this, a BeO insulating block metallized on top and bot- 
tom is brazed to the can bottom and the transistor chip 
brazed to the BeO insulator, Wires are then bonded from 
the chip and insulator block to the terminals and the can 
bottom as shown in the photo. With NPN transistors, 
this configuration permits direct connection of the can 
to rf and negative dc ground for many class B and C 
circuits. 


Two important advantages can be derived from the 
common emitter TO-39: By connecting the case to the 
rf circuit ground, emitter inductance is reduced and gain 
increased by 3 to 5 dB over that of comparable, conven- 

tionally wired transistors. And the case may be directly . 
pressed, clipped, or soldered to the heat sink with no 
effect on rf performance. This feature may eliminate the 
need for the heat radiating “‘coolers” because soldering 


~.the transistor bottom to the circuit, typically a PC 
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board, improves dissipation by removing heat through 
the thick metal base rather than the thin can. 
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Fixture for Functional Testing of the Common Emitter TO-39 


“0.016 
0.1 


790 
0.028 


7 1.27 
90° NOM 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


For example, the MRF227 was mounted in this manner 
and a Bic of 15°C/W was measured using a Barnes RM-2A 
Infrared Microscope. Compared to an MRF607 in a 
conventional package operating under identical condi- 
tions, this is greater than a 2:1 reduction in thermal 
resistance. And as side benefits, the lower Pic also re- 
duces power slump and improves reliability. 


In many mobile radios CE-TO39 devices can replace stud 
or flange mounted stripline parts used for 1- to 4-watt 
drivers. This conversion should normally offer a signifi- 
cant savings in the cost of parts as well as the costs of 
mounting hardware and labor. 


The designer of compact handheld radio equipment will 
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SEATING. 
PLANE 


a STYLE 5: 
PIN 1. COLLECTOR 


. TAS 2. BASE 


3. EMITTER 


find the CE-TO39 offers a real advantage from the elimi- 


nation of interstage RFI or coupling because the can is 


at rf ground. Stability is usually improved and the higher 
available gain may reduce the number of transmitter 
stages. Simplified and improved cooling may also be 
obtained by connecting the can directly to the radio 
housing or chassis. 


To sum it up: The emitter-to-can wired TO-39 known 
as the CE-TO39 offers the designer significant improve- 
ments in both gain and thermal performance. Because of 
its price, compared to SOE and TO-60 packages, the 
designer can use the CE-TO39 to reduce costs. And he 
can make his design easier to assemble with no loss in 
rf performance. _ 
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AMPLIFIER GAINS 10 dB OVER NINE OCTAVES 


Prepared by: 
Mike Hadley 
Industrial Applications Engineer 


The introduction of Motorola encapsulated transistors 
fabricated with ion-implanted arsenic emitters has made 
a reality of economical small-signal amplifiers with band- 
widths exceeding 1. GHz. The recently developed 
MRF901, an example of this technology, has an fp ex- 
ceeding 4.5 GHz, and a maximum noise figure at 1 GHz 
of 2.5 dB. The device package (case 302) employs the 
Motorola dual emitter bonding concept to minimize 
parasitic inductance and enhance 
performance. 


Using the MRF901, an amplifier has been developed — 


which exhibits a nominal gain of 10 dB over nine 
octaves of bandwidth. The circuit design is a class A 
amplifier employing both ac and dc. feedback. Bias is 
stabilized at 15 mA of collector current using dc feed- 
back from the collector. The ac feedback from collector 
to base, and in each of the partially bypassed emitter 
circuits, compensates for the increase in device gain with 
decreasing frequency, yielding a flat response over a 
maximum bandwidth. Transistor S parameters, as pro- 
vided by the MRF901 data sheet, and computer-aided 
circuit optimization techniques were used to choose 
component values for gain flatness, input VSWR and 
output VSWR. The described performance was achieved 
using common high-frequency amplifier construction 
techniques and astandard printed circuit board substrate. 
Even better results could be expected from the use of 
today’s hybrid circuit technology. 


410 A 


Evaiuation of the ampiifier shows a nominal 10 dB power 
gain from 3 MHz to 1.4 GHz. With only a minimum 


high-frequency — 


matching network used at the amplifier input, the input 
VSWR remains less than 2.5:1.to approximately 1 GHz 
while the output VSWR stays under 2:1 to approximately 
1.4 GHz (figure 2). If input impedance matching were of 
prime consideration, connecting a 2.1 pF capacitor from 
the junction of C1 and Z1 to ground (C6 in figure 1) 
would hold input VSWR below 2.2:1 over the complete 


frequency range (figure 3). Note that a slight degrada- 
tion in gain flatness and output VSWR occurs with the 
addition of Co. A more elaborate network design would 


probably optimize impedance matching while 1 maintain- 
a ing gain flatness. 


| The annsltiet was built on a glass Teflon® printed circuit 
board 1.8”x 1. 2". A221 reproduction of the circuit pat- 


tern is provided in figure 4. The type OSM215 50-ohm 
input and. output connectors were mounted opposite the. 


component side to facilitate laboratory measurements. : 
Board size could be reduced to approximately half by 
reducing the. ground plane around the circuit perimeter. 


A combination of chip capacitors, chip resistors and 
standard carbon resistors were used to obtain maximum 
performance at minimum cost. 


Extra care was taken to keep all component lead lengths 
to an absolute minimum and to provide a good ground 
plane. In the interest of maintaining a good ground, 
copper foil was soldered at the board edges to connect 
the top and bottom circuit grounds, and an eyelet was 
inserted near each emitter lead. 
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Figure 1. Schematic Diagram 
22 


4 2.3 465° 20... ace 190 200 500 1000 1 
FREQUENCY IN MHz 


Figure 4. “Amplifier PCB Artwork 
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R2 
c1 aA “50 22 
eas i MRE901 “OUTPUT 
INPUT i 
lrajant| R3 _ | 
ee (a a5 c4 
ii | : 
| 
.C1—C3— 2200 pF chip capacitor ~ Z3—0.3" x 0.125" microstrip line R4 — 560 2 carbon resistor : 
C4, C5— 6.5 pF chip capacitor Ri— 200 22, 1/8” W, +5% carbon R5,R6 — 152 +5% chip resistor . 
C6 =. — Optional 2.1 pF chip capacitor resistor Substrate — 1 0z. copper, double-sided Ble Teflon® 
a1 — 0.3" x 0.125” microstrip line R2— 4.3 kQ carbon resistor board 0.0625” thick, €, ~ 2.5 
22 — 0.15” x 0.125" ME REAR line R3— 680 {2 carbon resistor © Registered trademark of DuPont 
Figure 2. , Figure 3. 
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Figure 5. Parts Layout 
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MEASURING THE INTERMODULATION DISTORTION 
OF LINEAR AMPLIFIERS 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


The measured distortion of a linear amplifier, normally 
called Intermodulation Distortion (IMD), is expressed as 
the power in decibels below the amplifier’s peak power 
or below that of one of the tones employed to produce 
the complex test signal. 


A signal of three or more tones is used in certain video 
IMD tests, but two tones are common for HF SSB. The 
two-tone test signal provides a standard, controlled test 
method, whereas the human voice contains an unknown 
number of frequencies of various amplitudes and couldn't 
be used for accurate power and linearity measurements. 
Separation of the two tones, for voice operation equip- 
ment, may be from 300 Hz to 3 kHz, 1 kk? being a 
standard adopted by the industry. 


Generation of the Test Signal 


The two-tone IMD test signal can be generated by a num- 
ber of means of which the following three are the most 
common: 


System A—A two-tone audio signal is formed by algebra- 
ically adding two sine wave voltages of equal amplitude 
which are not harmonically related, e.g., 800 Hz and 1.8 


SYSTEM A 


kHz. This two-tone audio signal is. fed into a balanced 
modulator together with an RF carrier, one sideband 
filtered out, and the resultant further mixed to the de- 
sired frequency and then amplified. The system is useful 
in testing complete SSB transmitters. A commercial 
transmitter can also be used as a signal source for testing 
linear amplifiers. 


System B—In this method, a signal of approximately 
500 Hz is fed into a balanced modulator together with 
an RF carrier and amplified to the required power level. 


SYSTEM B 
The resultant is a double-sideband signal that resembles 
a single-sideband signal generated under two-tone sine 


wave conditions. Viewed on a scope screen, the envelope 


produced by this method appears the same as a SSB two- 
tone pattern. However, unlike the System A test signal, 
there is acontrolled and fixed phase relationship between 
the two output tones. This system is widely employed 
to generate the test signal for linearity measurements. 


System C--Two equal amplitude RF signals, separated in 
frequency by 1 kHz, are algebraically added in a hybrid 
mgeue The isolation between input ports must be 
high eno interaction between the two RF 
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SYSTEM C 


less than one part per million at 30 MHz. The carrier is 
nonexistent as compared to A and B, and the two-tone 
signal is generated as the RF voltages cancel or add at 
the rate of their difference frequency according to their 
instantaneous phase angles. Because no active compo- 
nents are involved, very low IM distortion is achievable. 
This system is useful .in applications where low distortion 
and low power levels are required. 


Except for the position of the carrier in respect to the 
two tones, displays of the signals produced by systems 
A, B and C appear identical on a spectrum analyzer 
screen. Sometimes, however, the suppressed carrier m may 
remain below the noise level. of ihe. instrument. Any 
spectrum analyzer used for SSB linearity measurements 
must have an IF bandwidth of less than 50 Hz to allow 
the two closely spaced tones to be displayed with good 
resolution. Figure 1 shows a low distortion, two-tone 
envelope displayed on a scope screen. On a spectrum 
analyzer screen the same signal displays as two discrete 
frequencies separated by the difference of the audio fre- 
quency or frequencies. See figure 2. The display repre- 
sents the rate at which peak power occurs when the two 
frequencies are in phase and the voltages add. Thus, one 
peak contains one-fourth (-6 dB) of the peak envelope 
power (PEP). An average reading power meter would 
read the combined power of the tones, or half the PEP, 
assuming the envelope distortion is negligible. The third 
order distortion products (d3), fifth order (ds), etc., 

can be seen on each side of the tones. The actual power 
(PEP) of each distortion product can be obtained by 
deducting the number of decibels indicated by the ana- 
lyzer from the average power. This value may be useful 
in determining the linearity requirements of the signal 
source. While the maximum permissible distortion levels 

of the driver stages in a multi-stage amplifier may be 
difficult to specify, a 5- to 6-dB margin is usually con- 
sidered sufficient. 


Types of Distortion 


The nonlinear transfer characteristics of active devices 
are the main cause of amplitude distortion, which is 


both device and circuit dependent. On the other hand, 
harmonic and phase distortion, also present in linear 
amplifiers, are predominantly circuit dependent. Even 
order harmonics, particularly noticeable in broadband 
designs, cause the harmonic distortion. Push-pull design 
will climinate most of the even-order-caused harmonic 
distortion and the driver stages, where efficiency is of 
less concern, can be biased to class A. 


Phase distortion can be caused by any amplitude or fre- 
quency sensitive components, such as ceramic capacitors 
or high-Q inductors, and is usually present in multi-stage 
amplifiers. This distortion may have a positive or nega- 
tive sign, resuiting in occasions where the level of some 
of the final IMD products (d3 or ds, or both) may be 
lower than that of the driving signal, due to. cancelling 
effects of opposite phases. Actual levels depend on the 
relative magnitude of each distortion product present. 


From the above it is apparent that the distortion figures 
presented by the spectrum analyzer represent a combina- 
tion of amplitude, harmonic and phase distortion. 


Measurement Standards 


As indicated earlier, there are two standard methods of 
measuring the IM distortion: | 


Method 1—In military standard (1131 A-2204B), the dis- 
tortion panes are referenced to one of the two tones 
of the test signal. The maximum permissible IMD is not 
specified but, numbers like -35 dB are not uncommon in 


gAmoa 
weayeaie 


equipment specifications. However, when this 
measuring system is employed in industrial applications, 
the IMD requirement (d3) is usually relaxed to -30 dB. 
Figure 3 shows the frequency spectrum of IM distortion 
products and their relative amplitudes for a typical class 
AB linear amplifier. Biasing the amplifier more toward 
class B will cause the lower order distortion products to 
go down and the amplitudes of the higher order products 
to increase. There is a bias point where the d3 and ds 
products become equal resulting in 2—S dB improvement 


in the lower order IMD readings. 


Method 2—In the proposed EIA standard, the apne 


of the distortion products is referenced to the peak en- 


velope power, which is 6 dB higher in power than that 
represented by one of the two tones. The amplifier or 
device indicating a maximum distortion level of —30 dB 
in Method 1 represents -36 dB with the EIA. proposed 
standard. Conversely, a -30 dB reading with EIA’s PEP 
reference would be —24 dB when measured with the 
more conservative military method. In practical measure- 
ments, the two tones can be adjusted 6 dB down from 
the zero dB line, and direct IMD readings can be obtained 
on the calibrated scale of the analyzer. Alternatively, the 


“tone peaks can be set to the zero dB level and 6 dB de- 


ducted from the actual reading. 
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FIGURE 1. Two-tone test pattern generated by A, B or C. 
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FIGURE 2. Test signal of figure 1 displayed by a spectrum aon 3rd 


and Sth order distortion products are visible. 
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FIGURE 3. Typical distribution of distortion product amplitudes - 
compared to the two fundamental frequency components. 


The military standard, with the relaxed —30 dB IMD 
specification, is employed by most manufacturers of 
high power commercial transmitters and marine radio 
base stations. *The EIA measuring method is used by 
the majority of ham radio equipment and CB radio man- 
ufacturers. It is also used to measure IMD in various 


mobile radio applications operating from a 12.5-V nomi- | 


nal de supply. 
Because of the importance to your design, data sheets of 


the newer generation Motorola devices specify linearity 
tests appropriate to the expected application of the par- 
ticular device and test conditions are always indicated. 


*FCC specifications are now in effect covering maximum 
permissible distortion up to the 11th order products. 


REFERENCES: 
Pappenfus, Brueue & Schoenike, “‘Single-Sideband Prin- 
ciples and Circuits,”’ McGraw-Hill. 


William I. Orr, “Radio Handbook,” 18th Edition, Editors 
and Engineers, Ltd. | 


Stoner, Goral, “Marine Single-Sideband,”’ Editors and 
Engineers, Ltd. 


Hooton, “‘Single-Sideband, Theory and Practice,”’ Editors 
and Engineers, Ltd. 


MOTOROLA RF DEVICE DATA 


2 OO 


Ol -62 R2 R7 R1 C4 R4 —R5 Q3 C9 C5. RFC1 C6 C7 


D2 


C10 
C3 


Cl 


TO RADIO 


K1 1 C21 RG C22 
The popularity of 2-30 MHz, SSB, Solid State, linear 30 MHz, and 12.5 Vdc. The MRF454 is used because it 
amplifiers is increasing in the amateur market. This EB is a readily available device and has the high saturation 
describes an inexpensive, easy to construct amplifier and power and ruggedness desired for this application. This 
some pertinent performance information. The amplifier device is not characterized for SSB. However, IMD specs 
uses two MRF454 devices. These transistors are specified for the amplifier are shown in Figures 2 and 3. 


at 80 Watts power output with 5 Watts of input drive, 
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THE AMPLIFIER 


The performance of the amplifier can be seen in Figures 
1, 2, 3, 5, 6, 7 and 8. The quiescent current is 500 mA 
on each device. This amount of bias was needed to pre- 
vent “cross over” at the higher output powers during SSB 
operation. The amplifier operates across the 2-30 MHz 
band with relatively flat gain response and reaches gain 
saturation at approximately 210 Watts of output power. 
Figure 5 depicts the amplitude modulated waveform with 
respect to a 100-Watt carrier. Figure 6 depicts the in- 


creased amplitude modulation at 50-Watt carrier. In both | 


cases the peak output power is equal to approximately 
210 Watts due to the saturation of the MRF454. The 50- 


Watt carrier is thus recommended in any amplitude mod- 


ulated applications. 


The bias diode D2 has been mounted in the heatsink for - 


temperature tracking. The cathode is pressed into the 
heatsink and the anode extends through the circuit 
board. (See Figure 9.) Both input: and output trans- 
formers are 4:1 turns ratio (16:1 impedance ratio) to 
achieve low input SWR across the specified band and a 
high saturation capability. T1* is made from FairRite 
Products, ferrite beads, material #77, .375” O.D. x .187/ 
- 200” L.D. x .44L”. T2* is made from Stackpole Co. ferrite 
sleeves #57-3238-7D. 


When using this design, it is important to interconnect 
the ground plane on the bottom of the board to the top; 
especially at the emitters of the MRF454s. Eyelets were 
used in this design, which are easier to apply, but #18 
AWG wire can be used. On the photomask, (see Figure 
10) “:” signifies where the ground plane has been inter- 
connected. The letter “O” designates where the 4-40 
screws are installed to fasten the board to the heatsink. 
6—32 nuts are used as spacers on the 4—40 screws be- 
tween the board and the heatsink to keep the board from 
touching the heatsink. 


THE DESIGN 


‘This amplifier was designed for simplicity. The design 
goal was to allow repeatability of assembly and reduce 
the number of components used. The amplifier will accept 
Single Side Band or Amplitude Modulation without ex- 
ternal switching. A carrier operated relay circuit is on 
the same layout to make this an easy amplifier to add 
on to any suitable radio with an RF output of 1.0—5.0 
‘Watts. All components used are readily available at most 
distributors and are relatively inexpensive. 


*Ref: Application Notes 
-AN749 BroadBand Transformers and Power Combining 
Techniques for RF — H. Granberg 


AN762 Linear Amplifiers for Mobile Operation — H. Granberg 
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NOTE: Parts and Kits for this amplifier are available 
from: 


Communications Concepts | 
2648 N. Aragon Avenue 
Kettering, OH 45420. 

(513) 296-1411 
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Pout, Power Output, Watts (PEP) 


Ee 
= 
eA 
ee 
ca 
se 
fed 
eg 
foal 
id 


ce 


0 1 2 3 4 
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FIGURE 1—Pout vs. Pin, 30 MHz, 13.6 Vde 


IMD, intermodulation Distortion, (dB) 
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Pout, Power Output, (Watts PEP) 
FIGURE 2—Intermodulation Distortion Versus 
Pout 30 MHz, 13.6 Vde 
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5th Order 
—— 
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. FIGURE 3—IMD vs. Frequency, Poy¢ = 140 Watt PEP, 13.6 Vdc 
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+ 13.6 Vde 


C1 = 33 pF Dipped Mica R7 = 100 2 1/4 W Resistor 

C2 = 18 pF Dipped Mica  RFC1 = 9 Ferroxcube Beads on #18 AWG Wire 

C3 = 10 uF 35 Vdc for AM operation, D1 =" 1N4001 : 
: 100 nF 35 Vde for SSB operation. D2 = 1N4997 

C4. =. 1H Erie | Q1,02 = 2N4401 

C5 = 10 uF 35 Vdc Electrolytic Q3,4 = MRF454 

C6 = 1uF Tantalum 2 T1,T2 = 16:1 Transformers 

C7 = .001 uF Erie Disc C20. = 910 pF Dipped Mica 

C8,9 = 330 pF Dipped Mica . C21 = 1100 pF Dipped Mica 

R1 = 100kQ 1/4 W Resistor C10 = 24 pF Dipped Mica 

R2,3. = 10kQ 1/4 W Resistor E C22. = 500 uF 3 Vdc Electrolytic 

R4 = = _ 33 2.5 W Wire Wound Resistor K1 = Potter & Brumfield 


R5,6 =10 2 1/2 W Resistor 8 KT11A 12 Vde Relay or Equivalent. 


FIGURE 4—Schematic Diagram 
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~ Amplitude Modulated Waveform. with 
Superimposed Carrier. Carrier .Condi- 
tions: f = 30 MHz; Pin = 2.2 Watts; 
Pout = 100 Watts (carrier); Vcc =. 
13.6 Vde . 


FIGURE 5 


Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi- 
tions: f = 30 MHz; Pip = 1.3 Watt; 
Pout = 50 Watts; Vcc = 13.6 Vde 


FIGURE 6 
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Frequency Spectrum, 30 MHz (F(Q), 2nd, 3rd, and 
5th harmonics are.visible). Vertical resolution: 
10 dB/div. Horizontal 2OMH2z/div: 


FIGURE 7 


INTERMODULATION DISTORTION, 30, 30.001 
MHz (3rd, 5th, 7th, 9th) order distortion products 
are visible. Vertical resolution: 10 dB/div. Horizontal: 
AISTZIOIN 


“FIGURE 8. 


| 4-40 Screw Anode Lead of IN4997 
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FIGURE 9 — Mounting Detail of IN4997 and 6-32 Nut (Spacer) 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 10—Photemaster (Positive) 


Note: The use of this amplifier is illegal for Class D Citizen Band service. 
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This bulletin describes a broadband amplifier covering 
the 225-400 MHz military communications band pro- 
ducing 10 watt RF output power and operating from 
a 28 volt supply. The amplifier can be used as a driver for 
higher power devices such as 2N6439 and MRF327. 
Typical performance curves are shown in Figures 5, 
6, and 7. 


Circuit bearation 

The circuit is designed to be driven by a 50 ohm source 
and operate into a nominal 50 ohm load. The input 
matching network | consists of a TT -section composed of 
C3, C4, Z2, C5 and C6. C2 is a de blocking capacitor, 
and Tl is a 4:1. impedance ratio coaxial transformer. Z1 
is a 50 ohm transmission line. A compensation network 
consisting of R1, C1, and L1 is used to improve the input 
VSWR and flatten the gain response of the amplifier. 
L2 and a small ferrite bead make up the base bias choke. 

The output network is made up of a microstrip 
L-section consisting of Z3 and C7, and a high pass section 


MHz AMPLIF 


consisting of C8 and L3. C8 also serves as a de blocking | 


capacitor. 


FIGURE Tt — Component Layout of the Amplifier 


=f — 


_ NIRF331 


Collector decoupling is accomplished through the use 
of L4,L5,C9,C10,C11,C12, and C13. 


Construction | 

The circuit is constructed on a 3.375 X 2.5 inch 
(8.57 X 6.35 cm) double sided PC board. Board material 
is 3M Glass Teflon,* with a thickness of 0.031 inch 
(0.0787 cm). Glass Teflon was selected for its low loss 
and dielectric consistency. Figure 2 is a 1:1 scale photo- 
master print of the top side of the board. Eyelets are 


placed at the points marked by plus signs. The 


soldered to both sides of the PCB to control noun 
current return paths. The edges of the transistor mounting 
hole beneath the emitter leads are also wrapped, using 
copper foil soldered in place | 


itaun 


evalate ar 
wy wawew Us 


noanl: nean lain, 


ground.2,3 Due to a ground imbalance caused by the 
transformer, a component placement layout of the RF 
circuitry is shown in Figure 1. It is important that this 
layout is followed in order to duplicate performance. 
Construction details of the 4:1 transformer are shown 
in Figure 4. 


*Registered Trademark of Dupont 


MRF331_ GAIN BLOCK DSH 


NOTE: The Printed Circuit Board shown is 75% of the Gifainal: 


FIGURE 2 — Printed Circuit Board Layout 
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Output 


C1 — 8.2 pF Chip* R1—36 2 1/4 Watt 
C2 — 270 pF Chip* 
C3 — 36 pF Chip" 
C4, C7 — 15 pF Chip* : 
C5, C6 — 50 pF Chip* . Z1 — Microstrip Line 


Tt — 25 2 Subminiature Coax (Type UT34-25) — 
1.75 inches (44.45 mm) long 


C8 — 82 pF Chip* 720 mils L X 162 mils W 
C9, C12 — 680 pF Feedthru 18.29mm LX 4.115 mm W 
C10, C13 — 1.0 uF 50 V Tantalum ZF = Whereas: (Ke 


SH Oey Rae maces : 680 mils LX 162 mils W 
L1, L8 —3 Turns #22 AWG 1/8” (3,175 mm) ID 17.27 mm LX 4.115 mm W 
L2 — 0.15 wH Molded Choke 


Z3 — Microstrip Line 


L4 — ee pew aterenrs with Pekan ae 2200 mils L X 50 mils W 
erroxcube -690-65/4B on Ground End 55.88 mm LX 1.27 mmWw 
of Choke) 
L5 — Ferroxcube VK200-19/4B Board — 0.0625” (1.588 mm) Giass Teflon, 
€, = 2.56 


*100 mil A.C.I. Chip Capacitors Q1 — MRF331 


FIGURE 3— Schematic Diagram and Component List 
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Transformer Dimensions 
(not to scale) 


(A) — 1.75 inches (4.445 cm) 


— 0.1875 inch (0.476 cm) 


Transformer Connections 


FIGURE 4 — Construction Details of 
4:1 Impedance Ratio Transformer 
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FIGURE 6 — Output Power versus input Power 


FIGURE 5 — Power Gain and Efficiency versus Frequency 
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FIGURE 7 — Input VSWR versus Frequency 
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FIGURE 8 — Amplifier Assembly 
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This bulletin describes a 60 watt, 28 volt broadband 
amplifier covering the 225-400 MHz military com- 
munications band. The amplifier may be used singly as a 
60 watt output stage in a 225-400 MHz transmitter, or by 
using two of these amplifiers combined with quadrature 
couplers, a 100 watt output amplifier stage may be con- 
structed. Typical performance curves of gain, efficiency, 
and input SWR are shown in Figures 5, 6, and 7. 


Circuit Description 

This circuit is designed to be driven from a 50 ohm 
source and work into a nominal 50 ohm load. The input 
network consists of two microstrip L-sections composed 
of Z1, Z2 and C2 through C6. C1 serves as a de blocking 
capacitor. A 4:1 impedance ratio coaxial transformer T1 
completes the input matching network. Li and ferrite 
bead serve as a base decoupling choke. 

The output circuit consists of shunt inductor L2 at 
the collector, followed by. two microstrip L-sections 
composed of Z3, Z4 and C8 through C11. C12 serves as 


FIGURE 1 — Component Layout of the Amplifier 
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riER — ZN6435 


~a.de blocking capacitor, and is followed by another 4:1 
- impedance ratio coaxial transformer. 


6-236 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Collector decoupling is accomplished through the use 
of L3, L4, C14 through C16 and RI. 


Construction . 

The circuit is constructed on a 3.375 X 2.5 inch (8.57 
X 6.35 cm) double sided PC board. Board material is 
3M Glass Teflon*, with a thickness of 0.031 inch (0.0787 
cm). Glass Teflon was selected for its low loss and dielec- 
tric consistency. Figure 2 is a photomaster print of the 
top side of the board. Eyelets are placed at the points 
marked by a plus sign to carry the top ground to the 
bottom side ground return. The edges of the transistor 
mounting hole beneath the emitter leads are also wrapped, 
using copper foil soldered in place to insure a solid emitter 
ground.(1.2) Construction details of the 4:1 transformers 
are shown in Figure 4. 


*Registered Trademark of DuPont 


2N6439 GAIN BLOCK 


FIGURE 2 — Photomaster of Circuit Board 
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C1 — 63 pF Chip 

C2, C8 — 27 pF Chip 

C3 — 24 pF Chip 

C4 — 15 pF Chip 

C5,,C9 — 30 pF Chip 

C6, C7 — 50 pF Chip 

C10 — 10 pF Chip 

C11 — 5.1 pF Chip 

C12 — 150 pF Chip 

C13 — 270 pF Chip 

C14, C16 — 680 pF Feedthru 
C15 — 1.0 uF 50 V Tantalum 


G) Transformer 
(not to scale) 


(2) Transformer 


Ri 
O O == | O O Or 
L4 4. 28 Vdc 
C14 G45 C16 
: T 
[| 7 
= C13 
ee a 
a = C12 — T2 


e 6 | O1 
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Ail Chip Capacitors are 100. mil TDK-ACI Co, 
Style FC282 BAG 
L1— 0.15 wH Molded Choke with Ferroxcube 
Bead #56-590-65/4B on ground end of coil 
L2—1 Turn #22 AWG, 1/8” iD 
L3 — 0.15 wH Molded Choke 
L4 — Ferroxcube VK-200-19/4B 


QO1 — 2N6439 


R71 — 10 £2 2 Watt 


T1, T2 — 25 MQ Subminiature Coax (Type UT25) 
2.25 inches (57.15 mm) long 


RFE 
Out 


Z1— Microstrip Line 
800 mils L X 225 mils W 
20.32 mm L X 5.715 mm W 


Z2 — Microstrip Line 
200 mils L X 225 mils W 
“5.08 mm L X 5.715 mm W 
Z3, Z4 — Microstrip Line 
550 mils L X 125 mils W 
13.97 mm L X 3.175 mm W 


Board — 0.031” (0.787 mm) Glass Teflon 
€; = 2.56 


FIGURE 3 — 2N6439 GO Watt Building Block 225-400 MHz 
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Dimensions 


(A) _— 2.25 inches (5.715 cm) 


— 0.1875 inch (0.476 cm) 


Connections 
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AMPLIFIER PERFORMANCE | 


FIGURE 5 — Power Gain versus Frequency 
Efficiency versus Frequency 
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FIGURE 7 — Input VSWR versus Frequency 
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FIGURE 8 — Amplifier Assembly 
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described in Engineering Bulletin EB-74. 
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Introduction 

Simplicity and repeatability are featured in this” 
l-watt S-band amplifier design. The design uses an 
MRF 2001 transistor as a common base, Class C ampli- 
fier. The amplifier delivers 1-watt output with 8 dB 
minimum gain at 24 V, and is tunable from 2.25 to 2.35 
GHz. Applications include microwave communica- » 
tions equipment and other systems requiring medium > 
power, narrow band amplification. A photograph of 
the amplifier is shown in Figure 1. 


Circuit Description 


The amplifier circuitry consists almost entirely of 
distributed microstrip elements. A total of six addi- 
tional components, including the MRF2001, are 
required to build a working amplifier. Refer to Figure 2 
for the schematic diagram of the amplifier. 


FIGURE 1 — 1-W, 2.3 GHz Amplifier 


MRF2001 
RF 


Output 


C1 — 0.4-2.5 pF Johanson 7285* Board Material — 0.0625” 3M Glass Tefion,*** 

C2, C3 — 68 pF, 50 mil ATC** €r =2.5+0.05 

C4 — 0.1 uF, 50 V *Johanson Manufacturing Corp., 400 Rockaway Valley Road, Boonton, NJ 07005 
C5 — 4.7 uF, 50 V Tantalum **American Technical Ceramics, One Norden Lane, Huntington Station, NY 11746 


KUE 7 
Z1-Z10 — Microstrip; see Photomaster, Figure 3 Registered Trademark of Du Pont 


FIGURE 2 — Schematic Diagram 
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The input and output impedances of the transistor 


are matched to 50 ohms by double section low pass | 


networks. The networks are designed to provide about 
3% 1dB power bandwidth while maintaining a collec- 
tor efficiency of approximately 30%. There is one 
tuning adjustment in the amplifier — C1 in the output 
network. Ceramic chip capacitors, C2 and C3, are used 


for DC blocking and power supply decoupling. Addi-— 


tional low frequency decoupling is provided by capac- 
itors C4 and Cd. Refer to Fi eure 3 for a 1:1 photomaster 
of the circuit boards. 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 3 — Circuit Photomaster 


| 
| 2.290 |1.83 
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Amplifier Assembly 


The circuit boards are mounted on a 3.125” x 1.875” 
x 0.750” aluminum block. A 0.062” deep and 0.260” 
wide slot is milled in the heat sink as shown in 
Figure 4. 

The transistor mounts in the slot with two 4-40 
screws. An alternate approach that would eliminate 
the need for milling is the laminated structure shown 
in Figure 5. 

Using the laminated assembly, the transistor is 
mounted on the surface of the block and 0.062” alumi- 
num shim stock is sandwiched between the block and 
the circuit boards. Connector mounting plates are 
required if SMA type connectors are used for the RF 
input and output. The SMA connectors can be fastened 
directly to the block if the milled approach is used. 
Either method results in the same performance for this 
1-watt design. The laminated structure, however, may 
not be suitable for higher. power designs. With higher 
power levels the transistor impedances are lower. The 
RF ground impedance through the laminated metal 
may be sufficiently high to impair gain and stability. 
This point emphasizes the fact that the successful 
design of RF amplifiers is dependent not only on atten- 


tion to electrical considerations, but to the physical 


construction as well. While construction related para- 


- gitics cannot be totally ignored at medium frequencies, 


they can pose serious problems at microwave 
frequencies. It is recommended that the following con- 
struction techniques be followed when building this 
amplifier. Refer. to pleure 6 for the component 


placement diagram. 


Material — Aluminum 
All dimensions in inches 


A — Board Mounting Holes, Tap 2-56 8 Places 
B — Device Mounting Holes, Tap 4-40 2 Places 


C — Mounting Holes for SMA Type Connectors, Tap 2-56 4 Places 


0.000 0.770 1.110 1.875 


FIGURE 4 — Amplifier Heat Sink 
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Circuit Board 


Ke, 


Aluminum Shim Stock me en | 


SMA Extended 
Dieleciric Connector 


Connector 
Mounting Plate 


FIGURE 5 — Laminated Assembly 


#* Foil Wrap Asterisked Edges to Bottom Ground Plane 


C1 


TO 
+VCC 


FIGURE 6 — Assembly Diagram 


Construction Notes 


1. The transistor is fastened to the heat sink with 
two 4-40 screws. The mounting surface should be flat 
and clean. Thermal compound should not be used on 
the underside of this device; the flange provides the 
transistor base connection and must make good elec- 
trical contact with the heat sink. The wide lead is the 
emitter and the narrow lead is the collector. 

2. The edges of the boards marked with an aster- 
isk (see Figure 6) must be foil wrapped to the bottom 
ground plane to provide a low impedance RF ground 
connection for C3, C4, C5 and the emitter choke, Z9. 
This is accomplished by soldering a 1/4”-wide strip of 
1- to 5-mil thick copper foil to the top ground plane and 
then wrapping it around the edge of the board. The 
other edge of the foil is soldered to the bottom ground 
plane. 

3. Use a #31 drill bit to drill the board mounting 
holes. With the transistor already mounted to the heat 


-sink, slide the boards into position so they butt up 


against the transistor. This will insure that the excess 
lead inductance of the transistor is kept toa minimum. 
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The boards can now be fastened to the heat sink and 
the remaining components mounted. — 

4. Use a minimum of heat when soldering C2 and 
C3. Excess heat could cause the end metal of the chip 
capacitor to separate from the ceramic. 

5. Cl is a miniature variable capacitor whose 
high self-resonant frequency makes it ideal for use at 
microwave frequencies. The package design makes it 
very convenient to use wherever a shunt capacitive 
element is des'red and is used here to vary the capaci- 
tance of microstrip stub, Z5. The capacitor is mounted 
by drilling a 0.120” diameter hole (#31 drill bit) at the 
point indicated in Figure 6. Using the circuit board as 
a template, mark the point on the heat sink directly 
below .the mounting hole. Since the capacitor is 
slightly longer than the thickness of the board, a 
clearance hole is needed at this point. The bottom of 
the capacitor is soldered to the ground plane on the 
bottom of the board. The flange of the capacitor is 
soldered to Z5. Avoid getting solder into the area above 
the flange as this will prevent the movement of the 
tuning piston. 
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Pout, QUTPUT POWER (WATTS) 


Performance Data 


Amplifier tune-up is accomplished by adjusting Cl 
for maximum output power with minimum collector 
current. The amplifier will tune from 2.25 to 2.35 GHz 
while maintaining an input VSWR of less than 2:1. 
Typical performance curves appear in Figure 7. 
Figures 7a and 7b show performance with the 
amplifier re-tuned for each frequency. Figure 7c 
shows performance without re-tuning. Note from 
Figure 7c that the instantaneous 1dB bandwidth is 
approximately 70 MHz with the amplifier tuned to a 
center frequency of 2.3 GHz. . 


Vcc, SUPPLY. VOLTAGE (VOLTS) - 


FIGURE 7b — Output Power versus Supply Voltage | 


Pout, OUTPUT POWER (WATTS) 
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FIGURE 7 — Performance Curves 


- Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (mW) 


FIGURE 7a — Output Power versus Input Power 
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0.8 35 
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VSWR| | 
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f, FREQUENCY (GHz) 


FIGURE 7c — Output Power, Efficiency and 
VSWR versus Frequency 


NOTE: The MRF2001 is one of a family of 2 GHz power transistors with RF 
output powers as indicated below: 


MRF2001 1.W MRF2005 5 W 
. MRF2003 3W . MRF2010 10 W 


INPUT VSWR 


LOW-GOO! WHr AMPLIFIER HAS 
PERFQ 


Prepared by 
Ken Dufour 


Introduction 


This bulletin presents two VHF amplifier designs 
intended for FM or CW service in the 136-174 MHz 
band. Both amplifiers feature the Motorola MRF 260 
and MRF 262 plastic encased VHF transitors which 
are rated at 5.0 W and 15 W power output respectively. 
This new series is derived from a line of highly 
successful device types of similar capability, but 
packaged in a standard configuration, (i.e., stripline 


EBSO 


packages). The MRF260 and MRF262 are in a 
standard TO-220 silicone epoxy case with the emitter 
wired to the metal tab and center lead of the device. 
This common emitter configuration results in good 
RF performance, improved thermal conductivity, 
and ease of mounting in an RF amplifier, by con- 


necting the transistor mounting flange to RF and 
DC ground. 


FIGURE 1 — Engineering Models. A Common Board Layout is Used for Both Versions 
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FIGURE 2 — 136-160 MHz Amplifier 


FIGURE 3 — 160-174 MHz Amplifier 
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C2 — 33 pF 
C3 — 47 pF 
C4 — 18 pF 
C5,.C8 — 43 pF 
C6 — 12 pF 


C7, C3 — 50 pF 


RFC6 


C11 — 100 pF 

C12 — 1.0 uF Tantalum 

C13, C14— 0.05 uF Erie Redcap 
L1-L5 — Printed Inductor 

L3 — 1.25” #18 AWG, 1-1/2 Turns, 9/64 ID 
Q1 — MRF260 


RFC5 


RFC1, RFC2 — 2 Turns #26 Enameled 
on Ferrite Bead Ferroxcube 56-590-65/3B 
RFC3 — 10 wH Molded Choke 
RFC4 — 0.15 wH Molded Choke 
RFC5, RFC6 — VK200-4B 
B — Bead, Ferroxcube 56-590-65/3B 


FIGURE 5 — Component Placement, 136-160 MHz Amplifier 


MOTOROLA RF DEVICE DATA 
6-246 


EB90 | 


RFC5 RFC6 


C4 L3 . 


Ci L1 L2 


C3 | 
RFC1 aes eee | de 


Se et “Gait FIGURE 6 — Schematic Diagram of Chip Capacitor Version (160-174 MHz) |. 


C1 220 pF, TDK 100 mil Chip Capacitor ; L1-L5 — Printed Inductor 7 “ 
C2 — 43 pF, TDK 100 mil Chip Capacitor ee L3 — 5/8” #18 AWG Wire formed into: hairpin loop 

C3 — 150 pF, TDK 100 mil Chip Capacitor. : Q1 — MRF260. | 

C4 — 15 pF, TDK 100 mil Chip Capacitor ~ ay Q2 — MRF262 

C5 — 63 pF, TDK 100 mil Chip Capacitor RFC1, RFC2 — 2 Turns #26 Enameled Wire 

C6 — 27 pF, TDK 100 mil Chip Capacitor through Ferrite Bead Ferroxcube 56-590-65/3B 

C7 — 22 pF, TDK 100 mil Chip Capacitor RFC3 — 0.15 wH Molded Choke 

C8 — 100 pF, TDK 100 mil Chip Capacitor RFC4 — 10 nH Molded Choke 

C9 — 1.0 uF Tantalum _ RFC5, RFC6 — VK200-4B 

C10 — 0.1 »F Erie Redcap, 100 V General Purpose B — Bead, Ferroxcube 56-590-65/3B 


C11 — 0.05 pF Erie Redcap, 100 V General Purpose 


FIGURE 7 — Component Placement, 160-174 MHz Amplifier 
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FIGURE 8 — Power Output versus Frequency, FIGURE 9 — Power Output versus Frequency, 
136-160 MHz Amplifier 160-174 MHz Amplifier 
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FIGURE 10 — Power Gain and Input VSWR FIGURE 11 — Power Gain and Input VSWR, 


versus Frequency, 136-160 MHz Amplifier versus Frequency, 160-174 MHz Amplifier 


Pout = 13.5 W 


| | Pin = 220 mw [sl 


Vec = 12.5V 


3.5 
305 
” 
255 
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; a ce 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz! 


FIGURE 12 — Output Spectrum ne 
136-160 MHz Model a FIGURE 13 — PCB Photomaster 


3fo Note: Grounding eyelet locations . 
150 300 450 are indicated by dots. _ . 


f, FREQUENCY (MHz) © : — sete 
. The Printed Circuit Board shown is 75% of the original. 
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Design Considerations 

The lower frequencies (136-160 MHz) are serviced 
by a design utilizing low-cost dipped silver mica 
capacitors. For a broadband response in the higher 
_ frequencies; (160-174 MHz), low inductance, ceramic 
chip capacitors are used. 

Ease of assembly, repeatability and fast economi- 
cal construction received the utmost consideration 


in the design. of this amplifier. TO-220 devices 


result in a low profile circuit which minimizes the 


volume occupied by the amplifier. Additionally, the: 


MRF262 transistor used in the output stage is a 
rugged device, able to tolerate high load SWR 
conditions. Maximum use of printed inductors 
assures good repeatability. 

Both amplifiers utilize stagger tuned networks to 
enhance bandwidth. Additionally, each design 
retains excellent gain and stability characteristics 
when narrow banded. All of these merits are 
attributed to optimum device gain and the 
reasonably high inter-stage impedance levels 
incurred at these power levels. 


Circuit Description 


The amplifier has two stages and uses 5.0 W and 
15 W-rated transistors to accomplish the desired 
gain and power output. Two stage transmission line 
Chebyshev networks accomplish coupling and 
impedance transformation at the input and output. 
Nominal impedance levels are 50 ohms, while the 
interstage network transforms device impedances 
directly. Values for the reactive elements of these 
networks were almost entirely generated by 
computer aided design. Although the interstage 
network is straight forward in design, it required 
some modification and refinement of computer 
generated values to achieve the final results and 
accomodate available component values. 


Construction 

The amplifier is assembled on double-sided G- 10 
fiberglass board with 1:0z. copper cladding. The 
format is 2.0” x 3.5” and a photomask is provided 


(Figure 13). Some method of electrically connecting ~ 


the upper and lower ground plane is required. Eye- 
lets or plated through holes are recommended, but 


- alternative measures such as short pieces of wire | 


soldered to both planes can ‘be used successfully. 


Failure to provide an adequate or consistent ground ee 2 


plane may result in poor RF performance, instability, 
and unpredictable tuning. The reverse side of the 


board retains all copper and forms the ground plane. © 
Component placementandtherecommended | 


position of grounding eyelets is shown in Figures 13, 
5, and 7. All component leads are positioned and 
soldered above the board. There are no through 
connections other than grounding points. This 
facilitates component positioning, replacement, 


and accessability. The transistors are fitted into a ~ 


0.4” by 0.65” opening in the board and are installed 
directly against the heat sink. A coating of ‘heat 


sink compound such as Dow Corning 340 between — 
each device and the heat sink i improves thermal : 


contact and helps prevent power slump. : 


At frequencies beyond 100 MHz, dipped silver mica 
capacitors generally become inductive, and do so 
with a high degree of unpredictability. This 
phenomenon is also dependent upon component 
value and becomes more pronounced with an 
increase in frequency. (Ref: 1, 2, 3). To maintain 
predictable performance beyond 160 MHz, a second. 
layout featuring ceramic chip capacitors is offered 
(Figure 3, 6, 7). The design of these capacitors allows 


_ them to remain capacitive beyond the VHF frequen- 


cies. Maintaining the bandwidth of 160-174 MHz 
with this circuit board, the networks become lossy 
and power output suffers slightly. Variable 
capacitors may make this condition more tolerable 
and can be installed in the input and interstage 
networks. In some cases the ease of adjustment and 
added flexibility would justify the dees cost of 
the variable capacitors. 
Performance 

Normally, this amplifier will Aae require ey 
provided that components are as described and are 
positioned as shown on Figure®5 and 7. If an accurate 
method of measuring power is available, a quick 


check of amplifier performance can be accomplished 
_ by comparing its parameters with the performance 
data of Figures 8 through 11. Drive must be 


maintained at 220 mW (+20 mW)and Vc held to 12.5 
Vdc to accurately reproduce the overall response 
noted here. Allow some degree of tolerance (10%) in 


output power to account for differences inherent in 


component values and transistor performance. To 
assure broadband performance and tailored 
frequency response, the amplifier should be checked 
using a swept frequency: generator capable of 
200-300 mW output. Tuning for maximum power out 
and minimum reflected power at band centers will 
not necessarily provide a broadband response. 
Figures 8 through 11 graphically depict typical levels 
of performance achieved with this amplifier. Either 
version is stable into higher than 3:1 VSWR load 


-mismatch. at all phase angles. The output device is 
_tolerant of short term operation into an open or short 


circuit load at-fulldrive. 

Harmonic content of a 150 MHz signal at the out- 
put of the dipped silver mica version is illustrated in 
Figure 12. The 2nd harmonicis approximately -50 dB 

with respect to the fundamental. This level of 


- performance cannot be maintained across the entire 


band, therefore, some additional filtering of the 


~. .output signal will be required to meet more stringent 


requirements. 

With the amplifier mounted on aluminum stock, 
2.0” x 8.5” and 0.090” thick, a 25% duty cycle(1 min on, 
4 min off) produced a temperature of 50°C (122°F) 


after two hours of operation. A 50% duty cycle (1 min 
on, 1 min off) raised this temperature to 60°C (140°F) 


and full key down operation caused a stabilized 


‘temperature of 80°C (176°F). All temperatures were 
- measured on the heat sink at the final device with 
‘output power maintained at 15 watts. One can safely 


assume that a panel on the outside edge (i.e., back- 
side) of a transceiver could be successfully aged asa 


heat sink for this amplifier. © 
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Using proven combining techniques to obtain 
higher output power or added reliability at VHF can be 
accomplished with excellent results. Simple matching 
networks and power transistors featuring moderate 
gain capability can produce a level of performance 
comparable to that, of a single-stage amplifier using 
a larger, more ET DoU ee device. Though not the 


combiner method does have distinct sav antaeceo over 
designs that brute force the transistors into a parallel 
pis ee Current hogging ¢ eee a reauces imped- 
1 that technique 


agenriast 


anca laval 


are minimized. The exotic materials or expensive 
board layout required to produce a true push-pull 
design operating at VHF again peeps 
techniques more appealing. 

This 60 W amplifier operates from 150 to 175 MHz 
and features two, low-cost Motorola MRF 264 transis- 
tors. These devices are designed for operation at VHF 
and individually produce 30 watts of rated output 
power and 6.0 dB of gain with a 12.5 volt supply. The 
amplifier design makes use of a modified Wilkinson 
combiner technique to produce 60 watts output with a 
drive level of 15 watts. 


FIGURE 1 — Engineering Model 
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Design Considerations 

Experimental work with 90° (quadrature) couplers 
proved unsuitable for this application. Generally, they 
are sensitive to mismatch and tend to create instability 


and loss of power when used in an amplifier. In-phase » 


(Wilkinson) couplers provide an adequate solution to 
this problem. (Ref: 1) They are relatively insensitive 
to phase changes and orrer good bandwidth 
characteristics. 

Printed transmission ines for the fecueae, of 


interest can become somewhat cumbersome on 


standard circuit board material. Therefore, lumped 
reactances (L1, 2, 9,10 and C1, 2, 3, 14, 15, 16, Figure 5) 


are used to simulate 70.7 ohm 1/4 wave transmission . 
lines, the main element in the couplers. This approach | 


not only conserves board space, but provides a means 


to compensate for small variations in associated 


component values. 

Microstrip techniques are incorporated in the 
amplifier networks to balance RF performance and 
promote reproducibility. Because of the lower circu- 
lating currents and reduced component heating in 


the collector circuitry of low-powered stages, smaller 


capacitors can be used in the networks at that point 
than would be required for a single-ended 60 watt 


turns (closewound) on a temporary 1/8 inch form and 
then separating theindividual turns by 0.020inch. An 
Xacto number 11 knife blade was used for this purpose 
and provides the correct turns spacing. The 100-ohm 
isolation resistors, Rl and R2, must be noninductive 
and carbon composition resistors proved to be entirely 
adequate. In a properly tuned and balanced amplifier 
these resistors should remain fairly cool to the touch 
during normal operation. Each amplifier and coupler 
input and output port is designed to be terminated into 


 60-ohms to facilitate testing into a 50-ohm system. 


A PCB bridge (Figures 3 and 9) is used to carry all 
of the de feed circuitry. It acts as a continuation of the 
ground plane and enhances circuit stability. Solid 
copper (0.027 inch) and double-sided circuit board 
were used as a construction medium and no difference 
in performance was noted with either material. 

Initial alignment is accomplished by driving the 
amplifier with a 5 watt CW source at approximately 
160 MHz. The applied voltage is set at 12.5 volts and 
the variable capacitors, C4 and C5, are adjusted in an 
alternating manner to provide maximum output power. 


- Full drive (15 watts) is then applied and the capacitor 


adjustments are repeated. At this point, the circuitry 


should be delivering 60 watts or more to the 50-ohm 


design. Separating the major heat producing devices . 


to. two areas on the heatsink produces a more even 
heat transfer to the ambient air. The combined ampli- 
fier presented here has good harmonic suppression 
(Figure 8). A low-pass filtering effect 1 is noticeable with 
the Wilkinson combiners. 


Construction and Mine 
A 1:1 photomask of the circuit is provided i in Figure9 | 
and double-sided G-10 fiberglass board with two-ounce 
copper cladding is recommended for construction. The 
ground points are indicated on the PCB photomask. 
The inductors required for the splitter/combiner 
are constructed by winding the appropriate number of 


load with the 15 watts input. After the final adjust- 
ments are made, the isolation resistor temperature in 
either coupler should be relatively cool to the touch and 
the input VSWR should be at a minimum. Best results 
will be cbtained if the transistors are beta matched 


(+10%) prior to installing them in the circuit. 


Additional Comments 
This amplifier has been extensively tested for rug- 


-gedness and reproducibility. The 15 watt input level 


makes it compatible with the EB-90 two-stage VHF 
amplifier as a driver. Together they form a chain 
requiring 200 mW of pap uty power for a 60 watt or 


‘more output. 
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FIGURE 2 — Amplifier Layout - Top View 


L8 +12.5 V Input L7 


Q1 Collector Q2 Collector 
a. Output Side. eee b. Base Side 


FIGURE 4 — PCB Bridge Details 
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Pout, OUTPUT POWER (WATTS), 7 EFFICIENCY (%) 


i 5 L12 


C1, C16 — 25 pF Unelco (J101) 

C2, C3 — 15 pF CM04 Mica 

C4, C5 — 68 pF Standex 

C6, C7 — Arco 404 Variable 

C8, C9 — 150 pF Standex 

C10, C11 — 56 pF Standex 

C12, C13 — 39 pF Standex 

C14, C15 — 15 pF Standex 

C17 — 100 pF @ 16 V Electrolytic a 
C18, C19, C20 — 680 pF Allen Bradley Feedthru . 


~—L1, L2 — 7 Turns #18, 0.125” ID 


L3, L4, L5, L6 — Printed Inductors 

L7, L8 — Printed Inductors . 

L9,L10 — 7 Turns #18 AWG, 0.125 ID 

L11,L12 — 4 Turns #18 AWG, 0.250 ID w/Bead 

Q1, O2 — MRF264 

RFC1, RFC2 — 0.15 wH Molded Choke w/ Bead, 
Ferroxcube 56-590 65/3B 

RFC3, RFC4 — 4 Ferrite Beads each on #18 AWG | 

R1 — 100 0.1/2 W Carbon 7 

R2 — 100 1.2.0 W Carbon 


FIGURE 5 — Schématic - 60 W Amplifier 


Po 
Pin = 15 W 
Veco = 12.5 V 


VSWR 

50 2.0:1 

1.5:1 

40 1.0:1 
150 155 160 165 170 175 


f, FREQUENCY (MHz) 


FIGURE 6 — Output Power, Efficiency, and 
Input VSWR versus Frequency 
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FIGURE 7 — Output Power versus Input Power 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 8 — PCB Photomaster 
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This unique push-pull/parallel circuit produces a 


power output of four devices without the added loss. 


and cost of power splitters and combiners. Motorola 
MRF150 RF power FET makes it possible to parallel 
two or more devices at relatively high power levels. 
This technique is considered impractical for bipolar 
transistors due to their low input impedance. In a 
common-source amplifier configuration, a power FET 
has approximately five to ten times higher input 
impedance than a comparable bipolar transistor in a 
common emitter circuit. The output impedance in both 
cases is determined by the de supply voltage and power 
level. The limit to the number of FETs that can be 
paralleled is dictated by physical, rather than electri- 
cal restrictions, where the mutual inductance between 
the drainsis the most critical aspect, limiting the upper 


frequency range of operation. The magnitude of these 


losses is relative to the impedance levels involved, and 
becomes more serious at lower supply voltages and 
higher power levels. Since the minimum mounting dis- 


tance of the transistors is limited by the package size, 


_the only real improvement would be a multiple die 
package. For higher frequency circuits, these mutual 
inductances could be used as a part of the matching 
network, but it would seriously limit the bandwidth of 
the amplifier. This technique is popular with many 
VHF bipolar designs. 


In paralleling power FETs another important aspect 
must be considered: If the unity gain frequency (fa) of 
the device is sufficiently high, an oscillator will be 
created, where the paralleling inductances together 
with the gate and drain capacitances will form reso- 
nant circuits. The feedback is obtained through the 
drain to gate capacitance (Cygg), which will result in 
360° phase shift usually somewhere higher than the 
amplifier bandwidth. Thus, the peor naene may not 
be direcily noticed in the amplifier o put, but may 


utput, Wu 
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0 WATTS RF FROM FOUR POWER FETs 


have high amplitudes at the drains. This can be cured 
by isolating the paralleling inductance, which consists 
of the de blocking capacitors (C7-C10; Figure 2) and 
their wiring inductance from the gates. Low value non- 
inductive resistors which do not appreciably affect the 
system gain can be used for this purpose. 


FIGURE 1— BaBisanoh of the 600 Watt 2.0-30 MHz 
; MOSFET Linear Amplifier 


CIRCUIT DESCRIPTION 

Figure 2 shows a detailed schematic of the 600 W RF 
FET amplifier. It can be operated from supply voltages 
of 40 to 50 depending on linearity requirements. The 
bias for each device is independently adjustable, there- 
fore no matching is required for the gate threshold 
voltages. Since the power gain of aMOSFET is largely 
dependent on the drain bias current, only gy, matching 
is required, and it can be only + 10%. 


~MOTOROLA RF DEVICE DATA 
R-955 


EB104 


FIGURE 2 — Detailed Schematic 


Ri-R5 — 10k Trimpot 
R6 — 1.0k/1.0 W 
'R7— 10 Ohms 
R8 — 2.0k. 
R9, R21-R24 — 10k 
RIO—8.2k 
R11-R14 — 100 Ohms 
R15-R18 — 1.0 Ohms 
R19-R20 — 10 Ohms/2.0 W Carbon | 
R25 — Thermistor, 10 k (25°C), 2.5 k (75°C) 
Ci — Not used 
C2 — 820 pF Ceramic chip 
C3-C6, C13, C14 — 0.1 uF Ceramic 
C7- 1 0—0.1 uF Ceramic chip 


C12 — Not used 

C15 — 10 uF, 100 V Electrolytic 

C16 — 1000 pF Ceramic 

C17, C18.— Two 0.1 uF, 100 V Ceramic each, (ATC 200/823 or 


D1 
D5 
L1, 


T1 
oO1- 


equivalent) 


-D4 — IN4148. 


— 28 V Zener, IN5362 or equivalent 
L2 — Two Fair-Rite 2673021801 ferrite beads each or equiv- 
alent, 4.0 wH. 


-T3 — See text 


Q4 — MRF150 


IC1 — MC1723CP 
All resistors 1/2 W carbon or eat film unless otherwise © 
designated. 


C11 — 1200 pF each, 680 pF mica in parallel with an Arco 469 
variable or three or more smaller value mica capacitors 


in parallel 


The circuit board was designed to allow several dif- 
ferent gate biasing configurations (Figure 3). In circuit 
“a”, which is used in the amplifier described here, D1 
serves a purpose of preventing positive voltage from 
getting fed back to the bias source in case of a drain- 
gate short in a FET. This protects the other three 
devices from gate overvoltage. C1-R2 combination 
establishes an RF shunt from the gate to ground, which 
is necessary for stabilization. R4 could also be used 
for this purpose, but it would have to bea relatively low 
value, resulting in unnecessary high current drain 
from the bias supply. Normally R4 is only a de return 


to ground, which is required with D1 preventing an 
open circuit in one direction. R3 is a low value resis- 
tor to prevent parasitic oscillations in a parallel FET 
circuit, as discussed earlier. Variations ‘‘b’ and “‘c’”’ 
are basically the same, except for R2, which can he 
used to control the amount of RF rectified by D1. In 
addition to blocking the dc in one direction, D1 can 
be used for proportional biasing, in which the bias volt- 
age increases with RF drive. This allows the initial idle 
current to be set to a lower than normal value, increas- 
ing the system efficiency: 
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__ FIGURE 3 — Various Bias Configurations 


The gate de-Qing.in these circuits is done with R4. 
Circuit ‘‘d’”’ is another variation, where D1 is moved in 
series with R1 eliminating R4. The value of R1 must 
be high to prevent destruction from a drain-gate short. 
The common bias is derived from IC1 (MC17238CP) 
which provides both line and load regulation. The line 
voltage regulation is defeated when the voltage to Pin 
12 falls below 24 V, and the bias input can be used for 
Automatic Level Control (ALC) shut-down or linear 
ALC function. The regulator output voltage is adjust- 
able from 0.5 to 9.0 volts with R5, which can be perma- 
nently set to 7.0-8.0 V. This voltage is also controlled 
by the combination of R10 and R25. R25 is a ther- 


mistor, and is tied to the heat sink for bias temperature 
compensation. | 2 | 
In Figure 2, the input from T1 is fed to the gates 
through C7-C10 and R15-R18. The input matching is 
initially done at the high end of the band (30 MHz). 
In contrast to a bipolar push-pull circuit, where the 
base-to-base impedance varies with class of operation, 
the gate-to-gate impedance of a common source FET 
circuit is always twice that from gate to ground. In 
this case, where two FETs are in parallel on each side, 
the gate-to-gate impedance equals the gate-to-ground 
impedance of one device. From the Smith chart infor- 
mation (Figure 4) this can be established as 3.45 ohms. 


FIGURE 4 — Series Equivalent Impedance 


qestceesn 


a Veen onenter 
Senos Ca 


LT LX BORO 

TALEO DC 

Hy TERRES £04: 

ERR SSA EET ay 
SOW CE Bo AY AN, 


ye ie 
AO 


PEELS 
aw AO 


which the device operates at a given output 
power, voltage, and frequency. 
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The effect of R11-R14 and R21-R24 is minimal and can 
be disregarded. Considering the standard integers for 
T1 impedance ratio, 9:1 with its 5.55 ohms secondary 
appears to be the closest. This would set the values of 
R15-R18 at 2.0 ohms each, which would result in 3.5dB 
gain loss, and about 1.0 W would be dissipated in each 
resistor. For this reason it was decided to reduce their 
values to 1-0chm, and trim the values of Cl and C2 for 
i 


Sea eas Th Asan teadanff than VaAQWR ent Hack 
lowestinput VSWR. Asa tr adeoill, wig VOW AN Wil peak 


slightly at 15-20 MHz, but still remain below 2:1. 
Negative feedback is derived from a winding in T2 
through R19 and R20. Its purpose is to equalize the 
load impedance for T1 and reduce the amplifier gain 
at low frequencies. Since the gate te source capacitance 
of a MOSFET is fairly constant with frequency, the 
amount of feedback voltage is inversely proportional 
to its reactance. This function should be more or less 
linear, unless the inductive reactance of T1 is too low, 
or if resonances occur somewhere in the circuit. No 
computer analysis (as in Reference 2) was performed 
on the negative feedback system.. Instead a simple 
approach described in Reference 1 was taken, where 
the gain difference between 2.0 and 30 MHz determines 
the feedback voltage required to equalize the voltages 
of the secondary of T1 at these frequencies. With an 


input impedance of 45 ohms at 2.0 MHz, and the feed- — 
back source delivering 15 V(RMS), (Pout = 600 W) the | 


values of R19 and R20 will be around 10 ohms each. 
A ferrite toroid or a two hole balun type core can be 
used for T2. Relatively low yi material with-high curie 
temperature is recommended, since the minimum 
inductance requirement for the dc feed winding is less 
than 2.0 pil, Depending on the material, TZ can reach 
temperatures of 200-250°C, which the wire insulation 


must also be able to withstand. Several different output 
transformer configurations (T3) were tried, including 
a transmission line type in Figure 5. Although difficult 
to make, it has the advantage that low ui, low loss fer- 
rite can be used with multiple turn windings. At this 
power level, heat in the output transformer was a maior 
problem. High permeability materials, required in the 
metal tube and ferrite sleeve transformers could not be 
used because of their higher losses and low curie tem- 
perature. On the other hand, low yi cores with larger 
cross sectional areas were not readily available. To 
reach the minimum inductance required for 2.0 MHz, 
two of these transformers, with low permeability fer- 
rite cores were connected in series. Both have 9:1 impe- 
dance ratios. Alternatively the secondaries can be 
connected in parallei with twice the number of turns 
(6) in each. C11 must withstand high RF currents, and 
must be soldered directly across the transformer pri- 
mary connections. Regular mica or ceramic capacitors 
cannot be used, unless several smaller values are par- 
alleled. 


PERFORMANCE 

Due to the mechanical proximity of the four MOS 
FET devices, the RF ground of the circuit board is poor, 
and results in 1.0-1.5 dB gain loss at 30 MHz, which 
can be seen in Figure 6. The ground plane can be 
improved by connecting all source leads together with 
a metal strap over the transistor caps. Another method 
is to place solder lugs under each transistor mounting 
screw, and solder each one to the nearest source lead. 
In this case, the heat sink will serve as the RF ground. 
Although the 3rd order IM distortion is not excep 
tionally good, (Figures 6, 7) the worst case 5th order 


FIGURE 5 — Number sf Turns Shown is not Actuai 
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products are better than -30 dB at all frequencies, and 
as can be expected with FETs, the 9th and higher order 
products are in the -50 to -60 dB level. It can also be 
noticed from Figure 6, that the IMD does not increase 
at reduced power levels, as common with bipolar ampli- 
fiers. The even order output harmonic content depends 
greatly on the device balance as in any push-pull cir- 
cuit. The worst case is at the low frequencies, where 


numbers like -30 to -40 dB for the 2nd harmonic is — 


typical. The highest 3rd harmonic amplitude of -12dB 


is at 6.0-8.0 MHz carrier frequency. Information on 
suitable harmonic filters is available in Reference 3. 
The stability of the amplifier has been tested into a 
3:1 load mismatch at all phase angles. It was found to 
be CORD ey: stable, even at reduced supply voeees: 


In a MOSFET (common source) the ratio of feedback 
capacitance to the input impedance is several times 
higher than that of a bipolar transistor (common emit- 

ter). As aresult, a properly designed FET circuit should 


~ be inherently more stable, especially under varying 


load conditions. 

- Itmust be noted, that special attention must begiven 
to the heat sink design for this unit. With the 200-300 
watts of heat generated by the transistors in a small 
physical area, it must be conducted. into a heat sink 
efficiently. This can be only done with high conduc- 
tance material, such as copper. If aluminum heat sink 
is used, a copper heat spreader is recommended between 


the transistor flanges and the heat sink surface. 


FIGURE 6. 
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FIGURE 8 — Component Locations 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — Circuit Board Photo Master 
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INTRODUCTION 

Simplicity and compactness mark the design of this 
30 Watt amplifier designed for the 800 MHz mobile com- 
munications band. The amplifier uses the internally 
matched MRF844 transistor in a common base Class C 
configuration providing a minimum of 5.0 dB gain over 
a fixed tuned bandwidth of 800 to 870 MHz at 12.5 volts. 


EB105 


Lower manufacturing costs are of prime concern to land 
mobile equipment suppliers and single-board, fixed tuned 
transmitter amplifier designs are becoming increasingly 
common. Two versions are therefore presented, one using 


glass teflon laminate and the second using less expensive 
G-10 board. (Figure 1). 


a. Circuit Using Glass Teflon Laminate 
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Vcc 
+ 12.5 Vdc 


C8 


f) 


C4 
L1, L2 — 4 Turns, #20 AWG Enameled Wire 0.15” ID 
Z1-Z4— Microstrip; See Photomasters 


Board Material — See Text 


Figure 2 — Circuit Schematic of 30 Watt 806-870 MHz Amplifier: 


C1 
B1, B2 — Ferroxcube Bead 56-590-65/3B 
C1 — 15 pF Mini-Underwood Mica 
C2 — 12 pF Mini-Underwood Mica 
C3,C4— 18 pF Mini-Underwood Mica 
C5 — 91 pF Mini-Underwood Mica | 
C6— 1000 pF _—-Unelco Mica . 
C7 — 1.0 uF Electrolytic 
'C8 — 36 pF Mini-Underwood Mica 
CIRCUIT DESCRIPTION 


The circuit is designed to be driven from a 50 ohm 
source and be terminated in a nominal 50 ohm load. Both 
input and output matching networks are similar in de- 
sign and consist of two element short-step Chebyshev 
transmission line transformations fabricated as micro- 
strip lines (Reference 1). Mini-Underwood mica capaci- 
tors are used at the input and output of the transistor, 
transforming the complex inductive impedance to an es- 
sentially non-reactive real impedance over most. of the 
band. A minimum of additional components provide the 
de biasing and. RF decoupling. Refer to Figure 2 for a 
schematic diagram of the amplifier. 


Design of microstrip circuits using a G-10 board ma-_ 


terial is complicated by several factors. This is discussed 
in detail in Reference 2. The main points to be considered 
are, the lack of control over the dilectric constant in the 
manufacturing process; a greater tolerance in the dilec- 
tric thickness than in the case of higher quality sub- 
strates intended for microstrip applications, and changes 
in relative dilectric constant with frequency. Despite 
these apparent disadvantages, G-10 board can be used 
successfully if the ultimate in bandwidth is not sought. 

Frequency dependence of the relative dilectric constant 
was determined by characterizing a nominal 25 ohm 
microstrip line over a wide range of frequencies using an 
automatic network analyser. Compensation for the co- 
axial to microstrip transitions was established using a 
computer optimized model (Reference 3). Figure 3 is a 
graph of the relative dilectric constant versus frequency 
‘determined for the laminate used by this method. It 
should be noted that differences in epoxy composition 
could affect both the low frequency dilectric constant and 
its frequency dependence. 
CONSTRUCTION PROCEDURES 

Both amplifiers were mounted on 0.5” thick copper 
blocks, 2.25” by 2” in the case of the G-10 board design 


€p, RELATIVE DILECTRIC CONSTANT 


and 3” by 2” for the glass teflon board. The biucks were 
slotted to a depth of 0.130” to enable mounting the tran- 
sistor leads level with the top of the circuit board. Ther- 
mal compound was used between the transistor flange 
and the mounting block to ensure low thermal resistance. 
With the biock heid in contact with a larger heatsink 
this configuration proved adequate for test purposes. In 
a production design, the transistor would normally be 
thermally connected to the case of the transmitter. How- 
ever, care should be taken to operate the device under 
all conditions within the Power Dissipation limits shown 
on the data sheet. 

As with any circuit designed to work at UHF frequen- 
cies, good grounding is essential for best performance 
and stability. Copper foil was wrapped around the board 


-adjacent to the transistor mounting to connect the un- 


derside ground plane to the transistor common leads. 


f, FREQUENCY (MHz) 


Figure 3 — Relative Dilectric Constant (G-10) versus Frequency 
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Additional copper foil was wrapped around the board to 
connect the 1000 pF Unelco capacitor pad to the lower 
ground plane. | 

Positioning of the emitter and collector shunt capaci- 
tors is critical to the resulting amplifier performance. 
The capacitors should be mounted as close to the tran- 
sistor case as possible. Minor tuning’of the circuit can 
be achieved by lateral movement of these components. 
Larger tuning adjustments can be incorporated by re- 
placing part of the fixed shunt capacitance by a variable 
trimmer. : 2 ie 


Pout, OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


Figure 4a — Typical Performance in Broadband Circuit a 
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Figure 4c — Output Power versus Supply Voltage 
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a 


Both circuits use 28 mil dilectric 2 ounce copper clad 
laminate. Refer to Figure 6 for a 1:1 Photomaster of the 
circuit boards. — 


' PERFORMANCE DATA | 


_. Similar performance was measured for the same part 
soldered in either circuit. Typical performance curves for 


.. this broadband design are shown in Figures 4a, 4b, and 


- 4c for the glass teflon design and Figures 5a, 5b, and 5c 


~ for the G-10 based circuit. Circuit losses in the G-10 board 


| Pout, OUTPUT POWER (WATTS) _ 
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_were less thanexpected and were certainly. minimized 
by the short fractional wavelength transmission lines 
employed. . 
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Figure. 5a — Typical Performance in Broadband Circuit 
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Figure Sc —- Output Power versus Supply Voltage 
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| NOTE: The Printed Circuit Board shown is 75% of the original. 


MRFS44 BROADBAND CIRCUIT 


a. Photomaster Using Glass Teflon Laminate — 


b. Photomaster Using G-10 Board 


Figure 6 — Two Photomaster Versions of MRF844 Broadband Circuit 
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RF Power Modules 


INTRODUCTION 
The packaging used for standard Motorola RF Power 
modules consists of a copper flange on which the sub- 


strates are soldered and a non-conductive cover. which — 


is either of a “snap-on” or epoxy attached design. The 
ceramic substrates are either 96% alumina (A1,0,), 
99.5% alumina or 99% Beryllium oxide (BeO). These sub- 
strates are attached to the copper flange using either 


neering Laboratory. GEG was selected to do this work 
because they have done extensive work in the area of 
laminate stresses and have available several proven com- 


puter programs which apply directly to this problem. The 


~ assigned task was to provide an estimate of the maximum 
amount of initial bow (curvature) in the mounting flange 


‘which would not subsequently cause the ceramic sub- 


~ strate to fracture in the final assembled state: For the 


lead-tin or indium based soft solders. Typical liquidus | 


temperatures of these solders are in the 149°C to 163°C 
range. 


The purpose of. this paper is to present the mechanical 


factors which should be considered in mountInE these 
moguley in equipment. 


MAJOR MOUNTING FACTORS 

There are three major considerations in mounting an 
RF power module. First, the flange is used for the RF 
electrical ground reference. Typical inductance of the 
connection pins used on these modules is about 18 nano- 
henries per inch or 1.8 nanohenries per 100 mils. Since 
at 800 MHz a nanohenry has about 5.0 ohms reactance, 
it is easy to see that it would be almost impossible to 
achieve a low reactance ground through the use of pins 
alone. Second, the copper flange provides the thermal 
path for the removal of the heat produced in the active 
devices present in the module. Thus, proper thermal han- 
dling must be considered in mounting the module. Fi- 
nally, we must consider the mechanical stresses placed 
on the module by the mounting techniques used. Here 
we consider stresses placed on the leads and bending or 
twisting of the mounting flange which would cause ce- 
ramic fractures. . 


MODULE FLANGE FLATNESS 

During the processing of the module, consideration has 
to be given to the various stresses produced. Through 
analysis of these stresses and the materials used we can 
arrive at the maximum allowable flange bending which 
can be tolerated from a mechanical standpoint. In de- 
termining the allowable flange flatness conditions, both 
analytical and empirical analyses were performed. 
Agreement between both of these analyses was very 
good. The theoretical analysis was performed by Moto- 
rola Government Electronics Group, Mechanical Engi- 


results of this analysis, see Table 1. 


| MOUNTIN G CONSIDERATIONS 


The theoretical analysis shows that some of the re- 
sponsibility for proper mounting rests on the user. Proper 
consideration should be given to the following items: 

1. Flatness of the mounting area must be such that 
the final mounting of the module will not bend the flange 
beyond the limits given in Table 1. 

2. Attention must be given to surface finish and clean- 
liness of the mounting surface. For instance, if one 
mounts the module with thermal compound and uses a 
dirty work area which allows 3 to 5 mil particles to be 
present in the compound, a failure mode can be produced. 

3. Another consideration is the movement of material 
around tapped or punched holes. A tapped or punched 
hole which leaves a burr on the mounting surface can 
lead to failure modes. 

4, In addition, rigidity of the mounting surface and its 
material should be considered. For instance, the copper 
flange on an aluminum heatsink will result in a bi- 
metallic system which can create a bending problem. 
Consideration of the direction of ribs in a heatsink should 
be made to maximize stiffness in the direction of bending 
or adequate thickness of the heatsink must be provided 
to control bending. — 

It i is not desirable to mechanically constrain the ends 
of the module so that no “slip” is possible between the 
module flange and its mounting surface. If the ends are 
constrained and the temperature differential between 
the module and the heatsink is significant, there can be 
enough bending of the module flange to break the ce- 
ramic. An example calculation is shown below to dem- 
onstrate this problem. | 

Assume that the ends of the fiange are constrained at 
the centerline of the mounting holes. (2.4 inches for 
MHW612A/MHW710/MHW/720 series modules). Assume 
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that the module is mounted on a machined aluminum 
heatsink. 


Thermal expansion coefficients in winch/inch/°C 
Aluminum 25 x 10-6 
Copner 17 x 10-6 


L = 2.4 inches 
For a reasonable approximation assume the thermally 
induced hending creates an isosceles triangle as shown 
in Figure i 


FIGURE 1 


Assume that the module flange changes temperature 
from 25°C to 50°C and the heatsink changes temperature 
from 25°C to 30°C in the same time (obviously the heat 
input to the system comes from the copper Henge — more 
on this later). : 


Heatsink A L (aluminum) = 2.4” x 5°C x 25 x 10-6 
= 0.0003” 
: 2.4.x 25°C x 17 x 10-6 


wen 


Flange A L (copper) = 


So length ABC = 2.40102, AB = 1.20051” 


length AC = 2.4003", AD = 1.20015 
And AB? = AD2 + BD? 
BD = VAB? — AD? 
So BD = 0.029397 inches which far exceeds the 


allowable flange bend. 


This analysis also points out the advantage of keeping 
the heatsink and the flange at lowest possible temper- 
ature differential through the use of thermally conduct- 
ing compounds between the surfaces. 

For instance, in the example given above with an alu- 
minum/copper system, the copper flange will remain in 
tension at any temperature above the temperature at 
which the system was constrained as long as the tem- 
perature ratio between the heatsink and flange is kept 
less than the ratio of the thermal expansion coefficients 
or 25/17. Incidentally, this assumes that the heat input 
source to the system originates in the copper flange. This 
situation points out the folly in some types of tempera- 
ture cycling testing. For instance, if the aluminum/cop- 
per system is constrained at 25°C and is uniformly heated 
to say 125°C, the copper remains in tension — if the 
system is cooled below 25°C, the copper will go into 
compression. This is exactly the opposite situation ob- 
tained when the heat input to the system comes from the 
copper flange. _ 

The above isa rather elementary analysis of the ther- 

mal effects on the module/heatsink system. Many other 
factors are involved such as relative strengths of the 
materials involved, bending of the mounting screws and 
so forth. 


What should be derived from this discussion is that 
the design of the mounting for the module/heatsink sys- 
tem is not a simple one and should not be done in a casual 
manner. 


Our recommendation is aap a mocl pubes ihe 
system be construct cae arly n the equipment design and 
thermal cycling ee both are nee nal heat input. 
to the system and with heat input to the system from the 


module. This is a very effective “analog computer” and 
direct measurements of the flange/heatsink deflections 
can be made. In this manner the actual expected flange 
excursions can be compared to the recommended maxi- 
mum flange bending to determine whether the design is 
adequate. Incidentally, the reeommended maximum de- 
flection values given in Table 1 have a safety factor of 
approximately 2. That is, the deflection required to crack 
the ceramic is approximately twice the value given. 
Table 1 includes data showing the empirical deflections 
required to fracture a ceramic board in the module. 

5. We strongly. recommend the use of a good thermal 
compound between the mounting surface. Sufficient ma- 
terial must be used to fill all gaps which may be present. 
We have not been able to create any mechanical problem 
with excess compound as long as there is a path for the 
excess material to escape as the module is tightened down 
with the mounting screws. At this point it should be 
pointed out that unless both the module flange and the 
heatsink were lapped to absolute gauge block flatness, 
there will always be a significant air gap between areas 
of the flange and the heatsink. Since it is obviously not 
practical to achieve a lapped surface of this quality, this 
portion of the mounting problem resolves to one of me- 
chanical rather than thermal considerations. As an 
aside, some of the Motorola modes also have machined 
surfaces which may be oxidized te some degree. Tufrared 
thermography of the active die was performed to see if 
there was any thermal degradation due to this oxide 
layer and no degradation could be found. This has also 
been found true on lapped discrete transistor flange 
mount parts. 


Several manufacturers of thermally conductive heat- 
sink compound exist. We have used products from Wake- 


‘field and Dow Corning with success. 


MOUNTING HARDWARE _ 

Obviously an ideal mounting hardware scheme would 
be one in which the clamping pressure remained constant 
with age. One way of achieving this is through the use 
of conical washers — one trade name is Belleville wash- 
ers. Another possibility is “wavy” washers. Proper se- 
lection of mounting hardware and torque is also neces- 
sary. We recommend the following mounting hardware 
sizes and torques: 


4-40 3 in/lb 
6-32 5 in/lb 
8-32 5 in/lb 


TIGHTENING SEQUENCE > 

A very important factor to be considered in mounting 
the module is the proper torquing sequence. The person- 
nel involved in mounting the modules should be given 
careful instruction and their procedures monitored at 
regular intervals. Since the flanges are punched from a 
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roll of material, there can sometimes be a small “roll-up” 
at the end of the mounting flange. If one considers what 
can happen if the mounting hardware were tightened 
completely at one end first, it is easy to see that the other 
end could be “lifted” off the mounting surface. well in 
excess of the allowable flange bending tolerance. . : 


This should be avoided by first lightly alternately . 
snubbing down the mounting hardware “finger-tight.” — 


Next, the hardware can be torqued to its final specifi- 
cation again in at least two sequential steps. 


THE IMPORTANCE OF THIS TORQUING 
SEQUENCE CANNOT BE STRESSED 
TOO HIGHLY 


LEADS 

The leads used on the standard Motorola RF Power 
Modules are of either tinned copper, gold or silver plated 
KOVAR, or pure silver strap, typically 5 to 10 mils thick 
and 15 to 20 mils wide. The leads are intended for making 
electrical connections to the modules only and are not 
intended to support the module at any time in the as- 
sembly process. Consideration should be given to the 


_ stresses which may occur during mounting or testing. 


Poorly designed test fixtures can create lead stresses far 
above those encountered in the end-use equipment. It is 
recommended that the fixture be designed so the leads 
are always clamped after the flange is clamped and the 
tolerances be such that an upward force is never placed 


on the leads, even as the fixture wears. Motorola’s spec- 
ification for lead pull in shear and peel are 908 gm shear 
and 454 gm peel for BeO boards and 1500 gm shear and 
750 gm peel for alumina boards. Modules from PC86, 90, 
and 91 product lines use BeO boards. Modules from the 
PC87, PC103 line use one alumina and one BeO board. 
PC41, PC64, and PC104 use emune boards. 


DEFLUXING . 

These modules are designed to be manually soldered 
into an assembly. The modules have a silicone die coat 
over the active die, MOS capacitors, and nichrome re- 
sistors. The die coat used will not withstand the normal 
flux removal fluids and severe reliability problems could 
be incurred if the flux removal fluids or solder fluxes 
penetrate the inside of the module. We recommend a flux 
activity of no more than R or RMA be used. 


CONCLUSION : 
In mounting RF power modules, the ROWING major 
areas should be considered: 


1. Heatsink flatness. 

2. Use thermal compound — eliminate ca or grit in 

- the compound or on mounting surfaces, use an ad- 
equate amount to fill gaps. 

3. Tighten modules down in an alternate manner 
“finger-tight” before final torquing. | 

4. Be careful with defluxing operations. 

5. Consider lead stresses, both in mounting and testing. 


TABLE 1 — Maximum Deflection - 


_ THEORETICAL 


***EMPIRICAL 


DEFLECTION _ DEFLECTION TO 
| TO BREAK . BREAK 
DEVICES LINE. MIN — AVG 
MHW709, 710 PCA 0.015 ~ 0.0190" 0.0218 
MHW720 * PC64. 0.015 0.0190 0.0206 
MHW720 ** PC64 0.011. ~~ 0.0075 0.0079 
MHW720A ~ PC104 — 0.0190 0.0206 
MHW612, 613¢ . PC86 0.0025 0.0019 0.0028 
MHW612A, 613At PC87 0.011 0.0103 0.0108 
MHW808 PC90 — 0.0025 0.0034 
_ MHW808A PC103 — 0.0065 0.0070 
MHW820 PC91 0.005 0.0073 0.0084 


ALL UNITS IN INCHES 


MAXIMUM RECOMMENDED 


DEFLECTION COMBINED OUTGOING QA SPEC. (MAX) . 


HEATSINK & FLANGE 


CONVEX CONCAVE CONVEX CONCAVE | 
0.008 0.010 0.005 0.005 
0.008 0.010 0.005 0.005 
0.007 0.0085 0.003 0.005 
0.008 0.010 0.005 0.005 
0.0015 0.002 0.001 0.002 
0.007 0.0085 0.003: 0.005. 
0.0015 0.002 0.001 0.002 
0.0035 0.004 0.0015 0.0025 
0.005 0.002 


0.004. 0.003 


* PC64 was changed to alumina board — BeO carrier transistor construction similar to PC41 in February, 1983. All product with date code .883 and 


after has this construction. 
** Old construction of PC64 with total BeO output board. 


*** Measured deflection to break a substrate within 3 to 5 seconds of application of force. 
t These devices will be obsolete on September 30, 1983. Contact Motorela for the current availability and recommended discrete transistor replacement 


lineup. 


MOTOROLA RF DEVICE DATA 
A-2RA 


By Dan Moline 


aye 
ALT 


Darr Bennett 
Motorola RF Circuits Engineering 


LOW COST UHF DEVICE GIVES BROADBAND PERFORMANCE 
AT 3.0 WATTS OUTPUT 


INTRODUCTION | FIGURE 1 


The major cost element in low-to-medium power (1.0- 
5.0 W) RF transistors is the package. Several years ago 
Motorola took a major step in limiting cost increases 
by introducing the common emitter TO-39 package. 
Through the use of appropriate circuit design and con- 
struction techniques, use of the CE TO-39 can be ex- 
tended to broadband UHF amplifiers producing up to 
3.0 W output power. 

This bulletin describes a broadband circuit applica- 
tion of the low cost MRF630 — an all gold metallized, 
emitter ballasted, high figure of merit transistor capa- 
ble of 3.0 W output power with 10 dB gain at 512 MHz. 
A photo of the amplifier is shown in Figure 1. Empha- 
Sis iS piaced on mounting techniques which minimize 
parasitic inductances and maximize heat transfer. 


CONSTRUCTION 


TO-39’s used as RF amplifiers are most commonly 
found in transmitter exciter chains mounted on printed 
circuit boards. The parts are seated on small disc shaped 
insulators and are heatsunk using press-fit “top hat” 
style radiators (Figure 2). Heat is inefficiently con- 
ducted upwards through the metal can (Figure 3) and 
radiated by commercially available heatsinks, called 
“top hats”. As a result, the @jA is excessive, causing 
elevated junction temperatures and thermal slump 
problems. Because the TO-39 is situated above the PC 
board resulting in long leads, input Q’s are also exces- 
sive and combine to limit broadband performance and 
device gain. In low power applications (<1.0 W) and 
VHF frequencies or lower, the problems mentioned 
above may not be noticeable. Higher power devices 
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such as the MRF630, however, should be treated with 
the same considerations as any other RF power transis- 
tor (i.e., provisions for proper heatsinking and ground- 
me 7 7 

-When using an SOE power transistor, heatsinking 


is simplified with the inclusion of a stud or flange. 


Since TO-39’s have neither, some modifications are re- 
quired. Figure 4 depicts a means of heatsinking by 
soldering a “flange” to the bottom side of the TO-39 
package, thus providing a path for heat flow directly 
beneath the transistor die. The “flange” is secured to 
the amplifier heatsink by one or two screws. With this 
arrangement, maximum heat dissipation can be pro- 
vided with a minimum amount of space consumption. 
This method also creates better electrical grounding 
as the package is now mechanically connected to chas- 
sis ground. The attachment of this “flange” provides 
improvements in both grounding and heatsinking. 
Both are fundamental requirements to obtain the ex- 
pected performance from an RF power TO-39 such as 
the MRF630. 


on 
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FIGURE 2 
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CIRCUIT DESCRIPTION” 


The circuit, which was optimized for the MRF6380, 
uses a distributed element design. Tight tolerance con- 
trol is achieved by substituting transmission lines for 
inductors and specifying capacitor placement carefully. 
With this approach, good broadband performance is 
possible. . 

Since transmission line characteristics are depen- 
dent on line widths, dielectric properties and circuit 
board thickness; glass teflon circuit board is generally 
selected, as it offers the best tolerance control over the 
latter two variables. The major drawbacks of glass 
teflon circuit board are its low dielectric constant and 
relatively high price. A less expensive alternative, 
which was used in the construction of the MRF630 
amplifier, is G10 printed circuit board. Its lower price 
coupled with its higher dielectric constant results in 
a smaller circuit and lower overall cost. The dielectric 
constant of G10 is not a controlled parameter, yet G10 
is consistent enough to be useful for many applica- 
tions at UHF frequencies. 
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FIGURE 4 
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“Mini clamped mica capacitors were chosen for the 
matching components in this amplifier design because 
of their low cost; availability and very high “Q”. Mica 
is an extremely good dielectric and these capacitors, 
if carefully soldered (minimizing capacitor series lead 
inductance), boast a higher series reasonant frequency 
than some chip capacitors. 

The use of G10 printed circuit board, “mini” clamped 
mica capacitors and the MRF630, enhance component 
repeatability, affordability, and availability. 


PERFORMANCE 


Broadband circuit performance is displayed in Fig- 


ure 5 and atypical gain curve is shown in Figure 6. As" 


ean he soon, the MRF620 has excellent turn-on char- 


acteristics and saturated power capability. The normal 


gain roll-off above 490 MHz is expected but was mini- 


mized by optimizing both input and output impedance 
matching networks above that frequency. By adding 
additional matching sections, broadband performance 
down to 400 MHz could be achieved with respectable 
input VSWR’s. 

With the addition of the copper “flange” in the cir- 
cuit assembly, average device 0J-HS was limited to 
12.3°C/W (dissipated power = 4.0 W, Tc = 60°C). The 


MRF630 was also mounted directly to the bottom of 


the printed circuit board, which was placed directly 
against the heatsink. The 0j-HS degraded to only 
15.6°C/W. under the same conditions of power dissi- 


pation. If the PC board were “floating” using the same 


technique, higher 4J-HS’s would be observed. Assum- 
ing all circuit components were to be mounted in strip- 
line fashion, allowing the PC board to be mounted di- 
rectly to the heatsink, adequate heatsinking could be 
obtained without the addition of the “flange”. The 
copper “flange” method of heatsinking is highly rec- 
ommended for standard printed circuit boards which 
are isolated from the chassis heatsink. 

An exploded view of the amplifier showing printed 
circuit board, flange and heatsink is shown in Figure 7. 
Figure 8 is a circuit schematic including parts list, while 
Figure 9 shows details of part location on the PC board. 
Finally, as an aid to duplication of the amplifier de- 
scribed herein, Figure 10 is a 1:1 photo master of the 
printed circuit board. 
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FIGURE 5 — Broadband Performance 
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SUMMARY 


Outlined in this article are methods of assuring the - 
best possible performance from a low cost package; 
specifically, the MRF630 TO-39. If good construction. 
practices are followed to ensure proper heatsinking and 
grounding, performance comparable to an SOE can be 
demonstrated, taking advantage of the cost benefits 
offered by a TO-39. 
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FIGURE 7 — Exploded View of Amplifier Assembly 


4-40x1/4" Screw 


eS So ~PC Board 


Flange/Transistor Assembly 


Heatsink Block 


FIGURE 8 — Circuit Schematic and Parts List 


RF 

Output 
RF 
fait MRF630 
al 
C1, C3 — 10 pF Mini-Unelco sie Sees thal ees 
_ bea — 0.15 pw ini-Molde oke 

C2 — 36 pF Mini-Unelco | RFC2 — 1.0 4H Mini-Molded Choke 

C4, C5 — 0.018 pF Chip Capacitor RFC3 — 0.15 4H Molded Choke 

C6 — 0.1 uF Dipped Capacitor : TL1 — Transmission Line 0.105 x 1.110” (W x L) 

C7 — 1.0 pF Electrolytic - TL2 — Transmission Line 0.053 x 0.987" (W x L) 


R112) — 1/4 W Resistor Board Material — 2 Oz. 0.0625” Epoxy Fiberglass (G-10) 


Out FIGURE 10 — 1:1 Photo Master 


FIGURE 9 — Parts Layout 


C4 


@ Denotes copper eyelets. 
° Denotes 4-40 clearance for 
4-40 screw mounting. 


NOTE: The Printed Circuit Board shown 
is 75% of the original. 
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QUALITY LEVELS 


RF Products are available from Motorola in three 
quality levels: 

1. Industrial/commercial grade, 
a prefix such as 2N, MRF, or MHW on the part 
number and tested to a published Corporate, JEDEC, 
or Proelectron specification. 

2. Military grade, built and tested per MIL- 
S-19500 and identified by a 2N prefix and JAN, JTX, 
or JTXV suffix. 

3. Customer-specified grade with screening, 
testing, and marking determined by the customer 
to meet his particular requirements. These may 
range from a custom-marked industrial/commercial 


identified by 


grade product to a product which is subjected to 


the most Ae tests required for space or 


. . 
Srine amml Rom ame 


POST-ASSEMBLY 
PROCESSING 


After assembly, a production lot is first sent to 
Final Test, then is transferred to Quality Assurance. 


Final Test Processing 


In Final Test, 100% of a lot is processed. This 
processing may be as simple as electrical testing to 
a data sheet specification or as complex as a series of 
mechanical and environmental screening tests 
preceded and followed by electrical tests. 


TY ASSURANCE 


Ee 


epee 


Quality Assurance Process! 


Once in QA, high-rel lots may undergo additional 
100% screening prior to testing. Using the popular 
2N3866* family as an example, Table 1 compares 
the varying degrees of preconditioning and screening 
that are done on the 2N3866, 2N3866JAN, 
2N3866JANTX and the 2N3866JTXV transistors. 
For testing, QA uses test sample groups A, B, and C 
as defined in MIL-STD 19500. Individual tests are 
defined in MIL-STD-202, 750, and 883. All lots, 
including industrial/commercial, receive Group A 
testing, usually to the same specification which is 


used by Final Test. In addition to the Group A tests, 


tad tA; nh val aman 


military and customer-specified nmign-rsi specifications 


usually require Group B and C tests. Table 2 lists the 
standard LTPD, sample size and lot acceptance 
number used for Group A testing of standard 
products at Motorola. Military and high-rel specifi- 
cations may call for a tighter Group A sample plan. 
Tables 3 and 4 list the Group B and C test 
requirements of the 2N3866JAN and 2N3866- 
JANTXYV specifications. 


Special Processing 


Three additional tests that may be specified 
at extra cost by a high-rel customer are: 

1. Scanning electron microscope 
of a wafer. : 

2. X-ray examination of metal can transistors. 

3. Particle Inclusion Noise Detection (PIND) 
test to detect loose particles trapped in a package. 


inspection 


*The 2N3866 is a 400 MHz, 1.0 Watt NPN silicon 
transistor mounted in a TO-39 metal can. 


MOTOROLA RF DEVICE DATA 
6-274 


RELIABILITY AND QUALITY ASSURANCE 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (2N3866 Family) 
PE 700" Gondition | 2N3866/JAN | 2N3866JTX/V | 
Final Test | | | 


1. Electrical Tests | Go/NoGo ~ 
(Same as Group A) | «| Remove Rejects 
. High Temperature Storage | | 200°C, 24 hours 
. Temperature Cycling | CC, 10 cycles 
. Constant Acceleration | 20,000GY;, 
. Hermetic Seal | . 

Fine Leak ene al GorH 
Gross Leak A,B,C, Dor F 
_HTRB ; 150°C, 48 hr, 24 V 
. Electrical Tests | | 

(Similar to Group A) 


. Electrical Tests | | | | Go/No Go 

. Establish Identity 

. Electrical Tests — icBo andhee | i 

. Burnin with | 168hr, 1.0W 
. Electrical Tests | Deltas | PDA = 10% 


TABLE 2 — STANDARD GROUP A SAMPLING PLANS (Discrete Products} 


| Characteristic | een | "Sample | Accept 4 
| (By Subgroup) : Size Number | 


| Discrete Devices 

| Visual and Mechanical 129 
| DC Parameters . 129 
| AC and Temperature 
Parameters 

| Opens/Shorts 


Discrete Wafers and Dice 


55 © 


| Visual and Mechanical 
Multipack and Decca 
Pack (100% Sorted) 
Wafer Sales and Vial 
Package (no 100% Sort) 
| DC Parameters. 

AC and Temperature 
Parameters 
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TABLE 3 — GROUP B TESTS (2N3866 Family) 


_ Inspection | MIL-S-750 oe 
: Condition — 
see Wer Method | ___ {| _2N3866JAN | 2NSOGGITAIV _ 
Subgroup 8-7 | ; | 20(1) 20(1) 
Subgroup B-2 
Solderability 
Temperature Cycling 
Thermal Shock 
Hermeticity 
Fine Leak 
Gross Leak 
| Moisture Resistance 


| 
| 
15(1) 15(1) | 
Cc 
B 
| 
lila Geor H 
A, B,C, D or F 


| Subgroup B-3 
Shock _ 

| Variable Freq. Vib 
Constant Acceleration 


| Subgroup B-4 7 20(1) 20(1) 
| Lead Fatigue 2036 

Subgroup B-5 | 20(1) ~ 20(1) 
| Salt Atmosphere 1041 


Subgroup B-6 © | | 7(1) 


5(1) 
Cc (346 nours) (1000-hours) 


High Temoeratur eae | is) 031 206 


hr wi us 


Storage Life 
Subgroup B-7 | 7(1) 5(1) 


Steady State | | Ta=25°C Vep=25VI (340hours) | (1000 hours) 
Operating Life | Pr=i1W 


TABLE 4 — GROUP C TESTS (2N3866 Family) 


Inspection T MiL-S-750 | Beane LTPD (Accept No.) _‘| 
or Test Method 2N3866JAN | 2N3866JTX/V_ 


Subgroup C-1 
Barometric Pressure 
| Subgroup C-2 
Burnout by 
Pulsing 
Subgroup C-3 | Extension of 
High Temperature B-6 to 1000 hrs 


Storage Life 


Subgroup C-4 | a Extension of 
Steady State B-7 to 1000 hrs 
Operating Life ; 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. 


Steady State Operating Life (SSOL) 


G. 


The purpose of this test is to evaluate the bulk stability of 


the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 


Conditions: Ta = 25°C, PD = max rated power © 


Intermittent Operating Life (IOL) 


The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. - 
Conditions: Ta = 25°C, PD = max rated power. T(on) 
= Toff) = 1 min. 


High Temperature Storage Life 

The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. “te 

Conditions: Ta = 150°C no bias applied 


High Temperature Reverse Bias (HTRB) 


The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more. terminals. - 


Conditions: Ta = 150°C, Vcp = 80% max rated Vop, 


Ale Temperature High Humidity Reverse Bias 
(H°TRB) 

The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- 
tration has taken place. With time, this is a catastrophically 
destructive test. . 

Conditions: Ta = 85°C, RH = 85%, Vop = 80% max 
rated Vcp, 


Moisture Resistance 


The purpose of this test is to evaluate the moisture resis- 
tance of components under temperature/humidity condi- 
tions typical of tropical environments. 


Conditions: Mil-Std-750, Method 1021. 
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Pressure Cooker | - re, 
The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components under pressure/ 
temperature conditions. 


- Conditions: T = 121°C, P = 1 atmosphere (15 psig) 


Temperature Cycle (Air to Air) 


- The purpose of this test is to evaluate the ability of the 


device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, —55°C to 150°C, 
15 minutes dwell time at each temperature 


Thermal Shock (Liquid to Liquid) _ 
This test is an accelerated version of temperature cycle. 


Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 


Terminal Strength 


The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 
Solderability 


The purpose of this test is to determine the solderability of 


the device terminals. 
Conditions: Mil-Std-750, Method 2026. 


Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre- 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac- 
ceptance of military product. 


HIGH RELIAB 


| WAFER PROCESSING 
After wafers are nrocessed; they are subjected 
to Motorola visual inspection specifications then 
probe tesied to determine compliance with 
Group A specifications upon completion. Probe 
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ILITY PROCESSING OF RF TRANSISTORS 


ii ASSEMBLY 


The die are attached to headers and then wire 
bonded. Wire pull tests are performed by Quality 
Control inspectors on a sample basis to ensure 
assembly process controls. 


ili CAN WELD OR LID SEAL | 


Compieied headers are loaded into a vacuum 
chamber for can weld or nracassed thru a fur- 
nace for metal top attachments on ceramic pack- 
ages with solder preforms. 


fasts include the following: (1) Class Probe — 
nerformed to determine device type and yield; 
(2) Unit Probe each unit is subjected to Group 
A electrical tests — rejects are inked. Following 
the class and unit probe tests, the wafer is 


_ scribed and broken. 


Units are stored in dry air until ready for capping. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


COMMERCIAL WAFER Pee cANaieeD 
GRADE PROCESSING ee 


SANTXV 


100% 
HIGH POWER 
DIE VISUAL 


100% LOW POWER 
ASSEMBLY VISUAL 


MILITARY GRADE 


Xil 


CUSTOMER 


CUSTOMER SPECIFIED 
SPECIFIED 
SCREENING AND TESTING PROCESSING 


Vi 100% HIGH POWER DIE VISUAL Vill 100% LOW POWER ASSEMBLY 


The high power portion of the inspection is per- VISUAL 


formed fo assure good die construction and front 
metal conditions. Individual reject criteria in- 
cludes the following: Metallization defects such 
as scratches, voids, corrosion, adherence, 
bridging and alignment. Poor die construction 
conditions such as oxide and diffusion faults are 
also rejected. 
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The low power visual inspection controls work- 
manship, i.e., die attachment, internal lead-wire 
attachment, and package defects. Die attach- 
ment inspection includes assuring good adher- . 
ence, die placement and proper orientation. In- 
ternal lead wires must have proper arc and all 
attachment bonds must be properly placed and 
in good condition. Package defect inspection in- 
cludes checking for foreign material, improper 
construction and cracked glass conditions. 
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IV FINAL ELECTRICAL TEST 


pleted units are selected for a Group A elec- 
test. Hand screening is performed where 
ssary. Electrical failout units and.over-runs — 
subject to future screening. 


FINAL 
ELECTRICAL 
TEST 


JANTX JANTXV 


IX 


100% 
QUALITY CONTROL 
PROCESSING 


IX 100% QUALITY CONTROL 


. High temperature storage 
. High temperature reverse 
Temperature cycling 

. Thermal shock 

. Hermetic seal 
Acceleration 


sa ro a07m 


. Read & Record parameters 
. Room temperature burn-in 


V QUALITY CONTROL 


Samples are taken for complete electrical anal- 
ysis of the lot. Group A and B tests are per- 
formed on JAN devices. Group A and B tests — 
and 100% processing are performed on JANTX 
devices. Some devices also require Group C 
inspection tests. ae . 


QUALITY 
CONTROL 


GROUP B SAMPLE 
GROUP C SAMPLE 


Typical Group B 
bias aa Processing 
. (Sample Basis) 


. Physical dimensions 

. Moisture resistance 
Terminal strength 

. Hermetic seal 

. Solderability 
Vibration fatigue 
1000 hr. storage life 

. 1000 hr. operating life 
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Upon completion, the finished product is ready 


for shipping. Purchase order requirements are 


carefully checked again prior to shipping. Over- 


runs are kept for future orders. Warranty tests. 
(Group A) are performed every 24 months on 
military devices. 


VI = 

WAREHOUSE 
SHIP 

~ COMMERCIAL 


XI 


WAREHOUSE 
SHIP. | 
JAN-JANTX-JANTXV 


_ WAREHOUSE 
“SHIP | 
CUSTOM SPECIAL 


X GROUP B AND GROUP C INSPECTION 


__. Typical Group C 
Processing 
(Sample Basis) — 
. ac parameters 
. Barometric pressure 
Burn out pulsing ; 
. Resistance to solvents 
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Glossary of Reliability and Quality Terms 


Acceptable aan Level (AQL) — 2K measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. it is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 

Acceptance Number (Ac) — The largest number of defec- 
tives in an inspection sample under consideration that will 
permit acceptance of the fot. 


Asceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AQQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AQQL) — The maximum 
average outgoing quality that is possible for a given sam- 
pling plan. 


Defect — Any deviation of a device that does not conform 
to specified SUITES: One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in- 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec- 
ond sample, when required, alwavs leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 


function within previously-established limits. 


Mean Time Between Failuras (MAT TRE a 

operating time of a group of equipments divided by the 
number of failures of a repairable equipment. In th 
of an exponential failure distribution, this ratio is the rec 
rocal of failure 


rata 


tale. 


Operating Characteristic Curve (OC curve) — A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul- 
tiplied by 100. 


Probability of Acceptance (Pa) -~ The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


- Rejection Number (Re) — The smallest number of defectives 


Failure Rate — The statistical probability of a failure occur- | 


ring within a stated period of time. For electronic compo- 
nents it is usually assumed that failures follow an exponen- 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub- 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


in an inspection sample under consideration that will pre- 
veni acceptance of the iot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sampie — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 


Sampling Plan — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi- 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 


Lot Tolerance Percent Defective {LTPD) — A measure of 


quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep- 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 


of deterioration processes and whose probability of occur- 
rence increases with time. 


100% Inspection — Inspection of every device, in which each 
device is accepted or rejected individually for the charac- 


teristic concerned, on the basis of its own inspection only. 
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